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Description 

This invention relates to (i) a composite structure containing a corrugated, nonwoven web of polymeric microfiber; 
(ii) a fibrous-filtration-face-mask (hereinafter face mask) having a corrugated filtration layer, (iii) thermal insulation that 
includes a corrugated, nonwoven web of polymeric microfiber; (iv) a filter for removing particulate and gaseous contam- 
inants from a fluid; (v) a method of making a corrugated, nonwoven web of polymeric miaofiber; and (vi) a corrugating 
apparatus. 

Conruoated Microfiber Webs 

Corrugated and pleated webs of polymeric microfiber are known in the art and have been disclosed in the following 
U.S. Patents: 5,038.775. 4,939,016, 4,910.064. 4.842,739, 4,826.642, 4,774,001, 4,759,782. 4,676,807. and 
4.617.124, 

U.S. Patent 5,038.775 discloses a filter assembly that includes a pleated microf ibrous web as a filter medium. The 
filter medium is maintained in a pleated condition by a scrim that extends over the upstream and downstream sides of 
the pleated filter medium to provide substantially continuous support to the filter medium. 

U.S. Patent 4.939.016 discloses a composite web material that includes a hydraulicaity entangled laminate of melt 
blown microfibers and a further layer, preferably at least one of pulp fibers, staple fibers, melt blown fibers, and contin- 
uous filaments, with or without particulate material. The patent discloses that tiiis composite web can be formed into a 
corrugated stretchable fabric by pre-stretching the web and hydraulically entangling the web while stretched. 

U.S. Patent 4.910,064 discloses a nonwoven web that has a multiplicity of substantially longitudinally molecularly 
oriented continuous filaments of a thermoplastic polymer. Onto the longitudinal continuous filaments are deposited a 
multiplicity of melt blown fibers having fiber diameters of 0.5 to 50 micrometers (^im). The melt blown fibers form bonds 
at some of their intersections with the longitudinal continuous filaments to stabilize and fix the orientation of those fila- 
ments. The stabilized continuous filaments are pleated or con-ugated and are stabilized in that oonditfon by depositing 
a layer of melt blown fibers on one side of the pleats or corrugations (column 26, lines 12-16). 

U.S. Patent 4,842,739 discloses a high surface area filter cartridge tiiat contains a nested arrangement of disk- 
shaped filter layers. The disk-shaped filter layers have a pattern of regular radial pleats and comprise a laminate that 
includes an upstream pref liter layer, a filtration media, and a downstream cover layer. The filtration media can be a non- 
woven web of melt blown microfibers. The filter laminate is plated by an embossing operation. 

U.S. Patents 4,826,642 and 4,774,001 disclose a composite structure that is useful as a flat filtration medium or as 
a pleated (corrugated) filtration structure. The composite structure comprises a microporous membrane and a synthetic 
thermoplastic web of miaof bers secured to the microporous membrane by melt blowing the microfibers tiiereon. 

U.S. Patents 4,759,782 and 4,676.807 disclose a cylindrical filter sfructure that may comprise a single pleated filter 
medium supported by an outer perforated, cylindrical support cage. The filter media may comprise organic melt blown 
microfibers. In example 1 . a composite, cylindrical plated filter structure was prepared from two layers of melt-blown pol- 
yester fibrous material having two glass fiber layers sandwiched therebetween. The melt-blown polyester fibrous mate- 
rial contained fibers having diameters ranging from 35 to 50 nm, and was calendared to a thickness of 0.009 inches 
(pore sire was 100 ^m) before being combined with the glass fiber medium. The composite structure was placed in 
pleated form in a perforated polypropylene cage. No disclosure is provided as to how the composite structure is pleated. 

U.S. Patent 4.617.124 discloses a polymerfo. microfibrous filter sheet where the miaofber is coated with a cured 
thermosetting binding resin or polymer. In column 24. lines 29-31. it is disclosed that the filter sheet can be placed in 
pleated form and incorporated Into a cartridge. 

Face Masks 

Nonwoven webs of polymeric microfiber have been commonly used in face masks as filtration layers. U.S. Patents 
4,807,619. 4,536,440. 4.215.682. and 3,802.429 disclose cup-shaped face masks that have nonwoven webs of poly- 
meric mk;rof ber as filtration layers. 

Face masks have been disclosed that have corrugated or pleated surfaces. U.S. Patents 4.807,619, 4,641,645, 
4,536.440, 4,248,220, 3.985,132. 3,220.409, and EP-A 0.149.590 A3 disclose such face masks. Of these patents, only 
U.S. Patent 4,641 ,645. however, discloses a filter that includes a conugated nonwoven web of polymeric microfiber. In 
U.S. Patent 4.641,645. the face mask has a middle layer of polymeric microfiber disposed coextensively between two 
polyester nonwoven webs. All tiiree layers are assembled into a composite rriat and molded into a cup-shaped config- 
uration having a plurality of tightly-compacted rib elements. While the tightly-compacted rib elements have peaks and 
valleys that provide the face mask witii a corrugated effect, the tightly-compacted rib elements are employed to give tfie 
face mask structural strength (not to improve filtration performance), and they reduce the loftiness of the middle layer 
of polymeric microfiber and also do not substantially increase the effective surface area of the filter. 
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A number of different approaches have been taken to increase the effective filtering surface area of a face niask; 
see, for example, U.S. Patents. 4.883,547 and 4,827.924. and EP-A 0.469.498 A2. EP-A 0.469.498 A2. in particular, 
discloses a particle-filtering half mask that has a fbUed filter layer disposed between exterior and interior cover layers. 
The folded filtering layer is made of a porous, flexible filtering material that is folded in an overlapping arrangement. A 
5 holding strip extending transverse to the fold direction is glued to the fokJs to ensure that they lie flat. Other than indi- 
cating that the filter layer may be a multi-layer fiber fleece, EP- A 0,469,498 A2 does not disclose the composition of the 
filtering material. Nor does the document disclose how the filtering layer is placed in a folded condition, and no disclo- 
sure is made in regard to preserving the loft of the filtering material during the manufacture of the folded filter. 

10 Thermal Insulation 

Nonwoven webs that contain polymeric microfiber are known to be useful as thermal insulation. U.S. Patent 
4,11 8,531 to Hauser discloses a nonwoven web that contains polymeric microfiber intermixed with crinf>6d staple fiber. 
This nonwo>^n web demonstrates very good thermal resistance but lacks sufficient integrity to allow the web to be 

75 adhesively bonded to another surface and to allow the web to maintain a cohesive structure after being subjected to 
abrasion. Used as insulation for footwear and gloves and other apparel, the nonwoven web can be exposed to abrasion 
that can cause the web to be released from the surface to which it Is adhered and also may cause the web to k>se struc- 
ture and form clumps in the apparel. To overcome these problems, the nonwoven web may be embossed. Embossing, 
however, compresses the web and reduces its loft and therefore lowers its thermal resistance. To raise the overall ther- 

20 mal resistance, more layers of embossed web must be enptoyed, having the undesirable result of increasing the weight 
and cost of the apparel. 

Corrugating Apparatus 

2S Legions of corrugating apparatuses have been disclosed in the past century. The corrugating apparatus art is 
replete with devices that employ mating gears to con-ugate a flat web; see. for example, U.S. Patents 4,116.603, 
3,998,140. 3,905.857, 3.792,952, 3.723,213. 3.157,551, 3,025.963. 2.051.025 and 1,290.800. Reciprocating corrugat-. 
ing devices also are well known in the corrugating apparatus art: see, for example, U.S. Patents 4,650,102. 4,239,201. ^ 
and 1 .822.509. More recently, in U.S. Patent 4.874,457 a corrugating apparatus has been disclosed which corrugates 

30 a flat web by (i) introducing the flat web onto the ends of radially-extending paddles and then (ii) moving the ends of the 
radially-extending paddles towards each other to cause the web to corrugate. The paddles move akx)ut a path that has 
a curved portion and a straight portion, and the apparatus corrugates the flat web when the paddles move from the 
curved portion of the path to the straight portion. The web is maintained in a corrugated condition by passing the web 
under an oven to bond adjacent folds of the corrugated web together. An optional cover layer can be introduced onto 

35 the tops of the con-ugations and also is passed under the oven to fuse the cover layer to the conjugations to stabilize 
the corrugated web. 

The present invention provides a composite structure that comprises a corrugated, nonwoven web of polymeric 
microfiber (NWPM) and a means for retaining the shape of the corrugated NWPM. The corrugated NWPM has an aver: 
age pore sire of less than 150 \ivn, a solidity of 0. 1 or less, and a plurality of generally parallel corrugations. The shape- 

40 retaining means extends across the generally parallel corrugations and is secured to the conrugated NWPM at valleys 
of the generally parallel conjugations such that the shape-retaining means is not coextensive with the conjugated 
NWPM between two adjacent valleys. 

In another aspect, the present invention provides a face mask that comprises a composite structure that is formed 
to fit over the nose and mouth of a person. The composite structure includes a corrugated NWPM that has a solidity of 

45 0.1 or less and a means for retaining the corrugated shape of the corrugated NWPM. The shape-retaining means is 
secured to the corrugated NWPM at the valleys of the conjugations such that the shape-retaining means is not coex- 
tensive with the corrugated NWPM between two adjacent valleys. 

In a further aspect, the present invention provides a filter capable of removing particulate and gaseous contami- 
nants from the air. The fitter comprises first and second fitter elements secured to each other and having a shape 

50 adapted for attachment to a respirator. The first filter element conprises a corrugated NWPM having a solidity of 0.1 or 
less for removing particulate contaminants, and the second filter element comprises a sorbent material for removing 
gaseous contaminants. A means for retaining the corrugated shape of the NWPM is secured to the corrugated NWPM 
at valleys of the corrugations. 

In a still further aspect, the present invention provides thermal insulation that comprises a corrugated nonwoven 

55 web and a means for retaining the shape of the conjugated nonwoven web. The corrugated nonwoven web has a solid- 
ity of 0. 1 or less and contains a mixture of microfiber and aimped staple fibers that have a percent crimp of at least fif- 
teen percent. The shape-retaining means being secured to valleys of the corrugations in the nonwoven web such that 
the shape-retaining means is not coextensive with the corrugated nonwoven web. 
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In a still further aspect, the present invention provides a new method of making a conrugated NWPM. The method 
comprises: 

(a) Introducing a NWPM having a solidity of 0.1 or less into a corrugating apparatus that has a plurality of paddles 
5 secured at a first end to a means for moving the paddles about a path, the NWPM making contact with spaced sec- 
ond ends of the paddles opposite to the paddles' first ends; and 

(b) reducing the spacing between the second ends of the paddles to cause the NWPM to become corrugated, 
wherein the corrugated nonwoven web of polymeric microfiber has a solidity of 0.1 or less. 

10 In a still further aspect, the present invention provides a conjugating apparatus that conprises: 

(a) first and second paddles each attached at a first end to a means Ibr moving the first and second paddles about 
a path, the first ad second paddles extending radially from the moving means, and each paddle having a second 
end for supporting a web as the first and second paddles move about the path, the second ends of the first and 

75 second paddles being able to move towards each other to cause the web to corrugate; and 

(b) an ultrasonic welding device located downstream to where the web is corrugated, the ultrasonic welding device 
having a horn and an anvil, where the anvil includes the second ends of the first and second paddles, the ultrasonic 
welding device causing the corrugated web to form a bond with the shape-retaining means between the horn and 
the anvil where the corrugated web makes contact with the second edges of the first and second paddes. 

20 

Preferred embodiments of the present invention are the composite structure according to claims 1 -1 0, the f ibrous- 
filtration-face*mask according to claims 11-15. the filter according to claims 16 and 17, the method according to claims 
18-21 , and the thernnal insulation according to claims 22-24. 

A NWPM needs to be maintained in a lofty condition to obtain optimal filtration performance. Filtration parameters 

25 such as pressure drop and service life can be negatively impacted when a NWPM is compacted. A NWPM is delicate 
and thus care must be taken when handling such a web because it can be easily compacted and torn. 

In this invention, a composite structure has been made that comprises a lofty, conjugated NWPM. The lofty, corru- 
gated NWPM has been made notwithstanding the delicate nature of a NWPM. Using the method and apparatus of this 
invention, minimal contact is made with the NWPM throughout the corrugation process to avoid compacting the web. 

30 This enables a corrugated NWPM to be made without sacrificing the web's lofL Web loft is measured by solidity, a 
parameter that defines the solids fraction in a volume of web. Lower solidity values are indicative of greater web loft. A 
NWPM undergoes minimal changes in solidity when corrugated using the method and apparatus of this invention to 
provide a corrugated NWPM, where the NWPM has solidity of less than 0. 1 . The NWPM is held in a con-ugated con- 
dition by securing a shape-retaining means to the valleys of the con-ugations such that the shape-retaining means is 

35 not coextensive with the corrugated NWPM. This composite structure provides superior filtration performance over a 
flat NWPM. and this superior performance is demonstrated contemporaneously in three Important filtration parameters: 
particle penetration, pressure drop, and service life. A corrugated NWPM also can provide good thermal resistance. 
The performance parameters pertaining to filtration and insulation incur no substantial detrimental effects when a 
NWPM is corrugated in accordance v^h the present invention. 

40 The above novel features and advantages of the invention are more fully shown and described in the drawings and 
the following detailed description, where like reference numerals are used to represent similar parts. It is to be under- 
stood, however, that the drawings and detailed descriptbn are for the purposes of illustration only and should not be 
read in a manner that would unduly limit the scope of this invention. 

45 In describing this invention: 

The term **arittimetic median fiber diameter means tiie fiber diameter for which equal numbers of fibers have diam- 
eters that lie above or below tills value. The arithmetic median f ber diameter can t>e determined through microscopic 
examination. 

50 "Corrugated" means a surface tiiat has peaks and valleys extending over that surface; 

"Corrugated surface area" (CSA) means the width of a corrugated web multiplied by its length, where tiie lengtti 
is taken along the corrugated web's "sinusoidal-type" path. 

"Effective surface area" (ESA) means the area of a web available for filtering. In a corrugated web. the ESA is equal 
to the CSA less the areas that are blinded off. By "blinded off' is meant tiiose areas of web that are rendered fluid inac- 
55 cesible or fluid-impermeable. f=br example, a web can become fluid impermeable where tiie shape-retaining means is 
secured (e.g.. melt bonded, adhesive bonded, uhrasonically welded, etc.) to the corrugated web. 

The term "microfiber" means fibers that have an arithmetic median fiber diameter of less than 15 pm. 
The term "pitch" means the center-to-center distance between the second ends of tiie paddles. 
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The term "nonwoven web of polymeric miaofber" (NWPM) means an entangled maes of fibers that has an arith- 
metic median fber diameter of less than 15 ^m. 

The term "solidity" means the volume of fibers per volume of web. It is a unitless fraction typically represented by a: 



where m^ is the fiber mass per sample surface area, which in the case of corrugated webs is the CSA; is the fiber 
10 density; and Lf is the filter thickness, which in the ease of corrugated NWPM is the NWPM thickness. Solidity is used 

. herein to refer to the NWPM itself and not to the composite structure as a whole. When a NWPM contains mixtures of 

two or more kinds of fibers, the individual solidities are determined for each kind of fiber using the same U and these 

individual solidities are added together to obtain the web's solidity, a. 

The term "average pore size" (also known as average pore diameter) is related to the arithmetic median fiber diam- 
15 eter and web solidity and can be determined by the following formula: 

20 

where D is the average pore size, d( is arithmetic median fiber diameter, and a is the web solidity. 
FIG. 1 is a top view of a composite structure 10 in accordance with this invention. 
FIG. 2 is a cross-section of composite structure 10 of FIG. 1 taken along lines 2-2. 
25 FIG. 3 is a front view of a ^ce mask 22 in accordance with this invention. 
FIG. 4 is a partial cross-section of a face mask body 23. 

FIG. 5 is a perspective view of a filter 42 suitable for particulate and gaseous contaminant removal in accordance 
with this invention. 

FIG. 6 is a partial cross-section of a filter 42 of FIG. 5 taken along lines 6-6. 
30 FIG. 7 is a side view of a corrugating apparatus 47 in accordance with this invention. 

FIG. 8 is an enlarged elevatlonal fragmentary cross-section of a corrugating apparatus in accordance with this 
invention. 

FIG. 9 is a front view of a paddle 48 in accordance with this invention. 

FIG. 1 0 is a fragnnc^ry side view of an alternative embodiment of a corrugating apparatus 47' in accordance with 
35 this invention. 

FIG. 1 1 is a fragmentary side view of a further alternative embodiment of a corrugating apparatus 47" in accord: 
ance with this invention. 

FIG. 1 2 illustrates side views of the different composite structures used in Examples 1 -4 and C-1 to C-1 6. 
FIG. 1 3 is plot of pressure drop as a function of time for sodium chloride loading for tiie experiments of Examples ' 
40 1-3 and C-1 to C-3. 

In describing the prefen^ed embodiments of this invention, specific terminology will be used for the sake of clarity. 
The invention, however, is not intended to be limited to the specific terms so selected, and it is to be understood tiiat 
each term so selected includes all the technical equivalents that operate similarly. 

In FIGs. 1 and 2, there is illustrated an example of a composite structure 10 according to this invention. Composite 

45 structure 10 includes a corrugated NWPM 12. Corrugated NWPM 12 is secured to a means 16 for retaining the corru- 
gated shape of the NWPM 1 2 at the valleys 20 of the NWPM 1 2. Although a valley 20 may become a "peak" by inverting 
NWPM 12, for purposes of simplicity, tiie term "valley" will be primarily the only term used herein. As best shown in FIG. 
2, the corrugated NWPM 12 preferably follows an approximately sinusoidal-type curve when viewed from a side eleva- 
tion. Adjacent sides 15 of adjacent corrugations preferably do not overlap or make substantial contact with each otiier 

50 to a significant degree. Shape-retaining means 1 6 is not coextensive witii conjugated NWPM 12; that is. it does not fol- 
low the same approximately sinusoidal-type path as the conjugated NWPM. As shown, shape-retaining means 16 can 
have a length substantially less than tfie length of the conjugated NWPM 12 between two adjacent valleys 20. Shape- 
retaining means 16 preferably Mends between two adjacent valleys as a substantially straight line when viewed from 
a side elevation. The straight line distance between two adjacent valleys 20 is referred to herein as the "chord length" 

55 and is noted in FIG. 2 by the letter X. 

The chord length, generally, is about 1 0 to 85 percerit of the lengtii of the corrugated NWPM between two adjacent 
valleys. The ratio of the length of corrugated NWPM 12 to the chord length of the shape-retaining means may vary 
depending on tiie ultimate utility of the conposite structure but generally is about 10:1 to 1 .2:1 . and more typically 5:1 
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to 1 .5:1 . This ratio is referred to as the corrugation ratio. 

Corrugated NWPM 12 can be secured to shape-retaining means 16 by thermomechanical bonding (for example, 
ultrasonic welds), adhesive bonding (for example, hot melt bonding), mechanical means (for example, sewing), or other 
suitable means. The bond between corrugated NWPM 12 and shape-retaining means 16 can extend along the whole 
length of a valley 20 when shape-retaining means 16 is a sheet or fabric 21. In a preferred embodiment, corrugated 
NWPM 12 is secured to shape-retaining means 16 by intermittent securement points 18, preferably ultrasonic welds, 
located exclusively on valleys 20. Securement points 18 are preferably spaced on each valley 20 by a distance Y (FIG. 
1), and may be offset from securement points 18 on an adjacent valley by a distance of about one-half Y The value of 
Y can vary depending on. for exanrple, the size of securement points 18 and the size of corrugations 12. In general, 
however, Y is about 0.5 to 5 centimeters (cm). 

By staggering the securement points on adjacent valleys 20, the number of securement points 18 can be minimized 
per unit of exposed surface area of composite structure. This result is particularly beneficial when composite structure 
10 is used as a filter because, in filtering applications, it Is desirable to have a maximum ESA. Minimizing the CSA used 
for securement helps maximize the ESA, and in so doing increases the service life of the filter and provides a lower 
pressure drop across the filter or composite structure 10. Minimizing the CSA used for securement also may promote 
the thermal resistance of the composite structure 10. A composite structure 10 of this invention can have less than 10 
percent, preferably less than 5 percent, and more preferably less than 2 percent of the CSA used for securement. In a 
more preferred embodiment, less than 0.5 percent of the CSA is used for securement. Further, it has been discovered 
that the use of intermittent securement points 18 does not substantially hamper the composite structure's conformabil- 
ity or its use as a fitter in a face m^ 

Composite structure 10 can be conformed or bent around axis A that extends parallel to the linear con-ugations, as 
well as around axis B that extends transverse to the linear corrugations 12. This conformabillty permits the composite 
structure to be particularly useful as a filter for a cup-shaped face mask or as thermal insulation in a garment or foot- 
wear. The degree of conformabillty may vary depending on the particular shape-retaining means; however, if shape- 
retaining means 16 is not particularly rigid, composite structure 1 0 may be bent around axis A at a bend radius as small 
as about ten percent of the composite structure thickness. Composite structure 10 may be bent around axis B at a bend 
radius as small as about the thickness of composite structure 10. For compound bending around axis A and B, the min- 
imum bend radius is about equal to the thickness of composite structure 10. 

The particular composition and construction of the composite structure 1 0 may vary with its intended utility. 

The peak to valley height of a corrugated NWPM can vary but typically is about 2 to 30 millimeters (mm), more typ- 
ically 3 to 15 mm. For a face mask, the peak to valley height is about 4 to 8 mm. For thermal insulation, the peak to 
valley height typically is about 4 to 50 mm. more typically about 1 0 to 25 mm. 

The NWPM has an arithmetic median fiber diameter of less than about 15 jim, preferably less than about 10 nm, 
and more preferably in the range of about 2 to 8 fim. 

The NWPM. in general, has a basis weight in the range of about 25 to 100 grams per square meter (g/m^) before 
being conjugated, and more typically, the basis weight is in the range of 35 to 70 g/m^. 

The NWPM in corrugated form has a solidity of about 0.1 or less, more preferably in the range of 0.04-0.08. For a 
face mask application, the solidity of the corrugated NWPM preferably is in the range of about 0.05 to 0.08. For thermal 
insulation, the solidity of a oon-ugated NWPM typically is in the range of about 0.008 to 0.07. 

The NWPM has an average pore size of less than about 150 fim and in prefenred embodiments the pore size is 
greater than 1 0 ^m, more preferably in the range of about 1 5 to 1 00 fxm. 

For filtration purposes, the NWPM preferably contains at least 50 weight percent polymeric microfiber based on the 
weight of the fibrous material. More preferably, the NWPM contains 80 weight percent polymeric microfiber, and most 
preferably approximately one hundred 100 weight percent polymeric microfiber based on the weight of fibrous material. 
The NWPM may contain fibers larger than miaofibers such as larger diameter staple f toers (see, U.S. Patent 4,988,560 
to Meyer et al. which discloses a web that contains polymeric microfiber and crimped staple fiber to provide a web of 
increased porosity). 

The fibers of the NWPM are randomly entangled as a coherent mass of fibers. The ftoers can be entangled by, for 
example, a melt-Wowing process, where a molten polymer is forced through a die and the extruded ftoers are attenu- 
ated by adjacent high velocity air streams to form an entangled mass of blown microftoer (BMF). BMF webs made in 
this manner are held together by autogenous bonding. A process for making BMF webs is disclosed in Wente, Van A.. 
"Superfine Thermoplastic Fibers" 48 Industrial Engineering Chemistry, 1342 et seq (1956); or see Report No 4364 of 
the Naval Research Laboratories, published May 25. 1954. entitled "Manufacture of Super Fine Organic Fibers" by 
Wente, Van A.; Boone. CD.; and Fluharty, E.L A NWPM that contains fibers other than polymeric microfibers such as 
crimped or uncrimped staple fibers may be prepared according to procedures discussed in US. Patent 4,988,560 to 
Meyer et al.. U.S. Patent 4.1 18,531 to Hauser. and US. Patent 3,016.599 to Perry, the disclosures of which are incor- 
porated here by reference. A NWPM may also be made using solution blown techniques such as disclosed in US. Pat- 
ent 4.01 1 ,067 to Carey or electrostatic techniques such as disclosed in US. Patent 4,069.026 to Simm et al. The fibers 
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in a NWPM can be electrically charged to enhance their filtration capabilities: see US. Patent 4.21 5.682 to Kublk et al. 
and US. Patent 4.592.815 to Nakao. 

Polymeric components that may be employed in a NWPM include polyolefins such as polyethylene, polypropylene, 
polybutytene. poty(4-methylpentene-1), and polyolefin copolymers; polyesters such as polyethylene terephthalate 

5 (PET), polytxjtylene terephthalate, and polyether ester copolymers such as HYTREL available from Dupont Co.. Elas- 
tomers Division. Wilmington. Delaware; polycartx)nates; polyurethanes; polystyrene: and thermoplastic elastomer 
block copolymers such as styrene-butadiene-styrene, styrene-isoprene-styrene. styrene-ethylene/butylene-styrene. 
available from Shell Oil Company. Houston. Texas, under the trademark KRATON. Combinations of the above poly- 
meric miaoflbers. or blends of the polymeric components, may also be employed. For example, a blend of polypropyt- 

10 ene and poly(4-methyI-1 -pentene) can be used to make a NWPM (see U.S. Patent 4.874,399 to Reed et al.). or the 
NWPM may contain bicomponent microfiber such as the polypropylene/polyester fibers (see U.S. Patent 4.547.420 to 
Krueger et al.), the disclosures of these patents are incorporated here by reference. A conjugated NWPM 12 preferably 
comprises fibers made from polyolefins. particularly fibers that contain polypropylene as a major fber component (for 
example, greater than ninety weight percent) as such fibers can demonstrate good electrical charge retention. 

IS A NWPM may include other ingredients in addition to the fibrous material. For instance, the NWPM may be loaded 
with discrete solid particles capable of interacting with (for example, chemically or physically reacting with) a fluid to 
which the particles are exposed. Typical particles for use in filtering or purifying include activated carbon, alumina, 
sodium bicarbonate, and silver particles. Such particles can remove a component from a fluid by sorption, chemical 
reaction, or amalgamation or a catalyst may be employed to convert a hazardous gas to a harmless form. Examples of 

20 such particle-loaded nonwoven webs of polymeric miaofber are disclosed in U.S. Patent 3,971 ,373 to Braun, where 
discreet solid particles are uniformly dispersed throughout and are physically held in a NWPM. The disclosure of this 
patent is incorporated here by reference. Also, additives such as dyes, pigments, fillers, surfactants, abrasive particles, 
light stabilizers, fire retardants. absorbents, medicaments, etc.. may also be added to a NWPM by introducing such 
components to the fiber-forming molten polymers or by spraying them on the fibers after the NWPM has been collected. 

25 Although the corrugated NWPM illustrated in FIG. 2 has a single layer of NWPM. this invention also contemplates 
corrugating a plurality of layers of NWPM to make a composite structure. A composite structure therefore could com- 
prise 2, 3, 4, etc. layers of corrugated NWPM, where each adjacent layer is secured, ultimately, to the shape-retaining ^ . 
means to provide a laminate of conjugated webs in the composite structure (see. for example. FIG. 12. sample b'). In a 
further embodiment, composite structures of this invention may be stacked upon each other to provide a resulting com- 

30 posite structure that comprises a plurality of layered composite structures (see, for example. FIG. 12, sample c'). 

Shape-retaining means 16 is an element capable of maintaining the conjugated condition of a conrugated web. In 
a filtering application, shape-retaining means 16 allows composite structure 1 0 to be fluid permeable in a direction nor- 
mal to the extended surface of the composition structure and shape-retaining means 1 6 preferably does not hinder fluid 
flow through the composite structure 10 to a significant extent, and more preferably is not more restrictive to fluid flow 

35 through the composite structure 1 0 than the corrugated NWPM 1 2. Preferably, shape-retaining means 1 6 is sufficiently 
open or porous that it demonstrates a pressure drop less than the pressure drop across the corrugated NWPM 12. Also, 
shape-retaining means 16 preferably is deformable, allowing composite structure 10 to be conformatrfe. 

Shape-retaining means 16 is illustrated in FIGS. 1 and 2 as a fabric 21 of ultrasonicallyrbondable material that ^ 
extends transverse and parallel to the parallel corrugations. Fabric 21 can be a porous and deformable nonwoven web 

40 such as a CELESTRA spun bond polypropylene fabric available from Rbenweb North America Inc. , Simpsonville. South 
Carolina, or the fabric 21 may be a NWPM or other porous.sheet-like materials including porous woven webs. Alterna- 
tively, shape-retaining means 1 6 may take the form of a plurality of spaced bands, filaments, or fibers extending across 
the parallel corrugations of NWPM 12, transverse to the parallel corrugations or displaced diagonally to the same. Such 
bands, filaments, or fibers are bonded at the valleys of the corrugations to maintain the corrugated shape of the NWPM 

45 12. Examples of bands, filaments, or fibers that could be employed include: thin bands having a pressure sensitive 
adhesive applied thereto (for example, a thin tape); filaments coated with an adhesive; and polymeric fibers melt spun 
onto the valleys of the corrugated NWPM while the melt spun fibers are in a tacky condition. When polymeric fibers are 
employed, they preferably have a composition similar to the conrugated NWPM to permit melt bonding. A fabric 21 is 
the preferred form of a shape-retaining means because it allows a lower frequency of bonding to the NWPM 12, thereby 
increasing the ESA of NWPM 12. 

In FIG. 3. an example of face mask 22 of this invention is illustrated. Face mask 22 has a mask body 23 that 
includes a corrugated fitter layer 25. Corrugated filter layer 25 provides a substantially expanded ESA and a high filter 
efficiency without substantially increasing the size of the face mask. A face mask of this invention can have an ESA of 
at least 1 .3 times the ESA of a face mask that is of substantially the same size but contains a non-corrugated filter layer. 

55 In general, the ESA can be increased by a factor in the range of about 1.3 to 4. more typically 1 .6 to 2.5. without sub- 
stantially inaeasing the size of the face mask. Thus, in accordance with this invention, a face mask can be provided 
with an ESA exceeding about 200 cm^. more preferably in the range of about 250 cm^ to 600 cm^. 

As best shown in FIG. 4. a corrugated filter layer 25 can be a con-ugated NWPM 12 hekJ in a con'ugated condition 
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by a shape-retaining means 1 6 to form a composite structure 10 that is supported in a mask body 23 ky a shaping layer 
24. Shaping layer 24 provides shape and structure to the face mask and is porous to allow for relatively easy passage 
of air through the lace mask. Shaping layer 24 can be located on the interior of a face mask, and shape-retaining means 
1 6 can be disposed between shaping layer 24 and corrugated filter layer 25. Alternatively, corrugated filter layer 25 can 
be inverted so that shape-retaining means 16 is located on the outer side of corrugated filtration layer 25, or corrugated 
fitter layer 25 can be placed on the inner side of shaping layer 24 with the shape-retaining means located closest to the 
face of the wearer. In the latter instance, shape-retaining means 16 preferably is made of a material that is soft to the 
touch. 

Conrugated filter layer 25 preferably is a NWPM that is in a lofty condition over substantially the whole surface of 
the corrugated NWPM. A corrugated NWPM preferably has a solidity of 0.1 or less and does not have tightly compacted 
corrugations to provide structure to the mask. Corrugated filter layer 25 can be secured to shaping layer 24 by, for exam- 
ple, bonding corrugated filter layer 25 to a shaping layer 24 at mask base 26. The bond at mask base 26 may be formed 
by ultrasonic welding, sewing, an adhesive such as a hot melt adhesive or pressure sensitive adhesive, encapsulation 
by a thermoplastic rubber, or the like. Uttrasohic welds are the preferred means for bonding corrugated fitter layer 25 to 
shaping layer 24 at mask base 26. Corrugated filter layer 25 preferably is juxtaposed over substantially the whole sur- 
face of shaping layer 24. 

Corrugated fitter layer 25 preferably comprises about 1 to 4 corrugations per cm of filter, more preferably 1 .5 to 2.5 
con-ugations per cm. There is about 8 to 20 mm of filter web between two adjacent valleys. The ratio of the length of the 
fitter web to the length of shape-retaining means 1 6 between two adjacent valleys preferably is greater than 1 .5:1 , more 
preferably in the range of 2.0:1 to 1 .6:1 . Conjugated fitter layer 25 is preferably secured to shape-retaining means 1 6 by 
intermittent bonds, preferably uttrasonic welds, typically spaced at a distance Y (FIG. 1) of about 0.5 to 5 cm, more typ- 
ically 1 .5 to 3 cm. The intermtttent bonds each preferably occupy an area of less than 5 mm^, and more preferably less 
than 2 mm^. Corrugated filter layer 25 can be assembled in a face mask as described in Example 22 of U.S. Patent 
4,807,619 to Dyrud et al., the disclosure of which is incorporated here by reference, by substituting the corrugated fitter 
layer 25 for the electrically-charged polypropylene BMP web. The corrugated fitter layer is formed into a preformed fil- 
tration body that is subsequently placed over an inner cup-shaped shaping layer and is bonded thereto. 

A variety of materials may be used in a shaping layer. For example, a shaping layer may comprise a cup-shaped, 
open mesh plastic or metal or a nx)kJed nonwoven web of fibers. A face mask of this invention typically employs a 
molded nonwoven web of fibers as a shaping layer. A nonwoven web of ftoers can be molded by including thermal 
bonding components in the fibers, which allow the fibers to become bonded to one another at points of fiber intersection 
after being cooled. Such thermal bonding fibers are available in single component and bicomponent forms. Kcompo- 
nent fibers are the preferred thernfial bonding fibers for forming shaping layers because they produce a more openly 
structured shaping layer. Additionally, staple fibers In crimped or uncrimped form may also be incorporated Into the 
shaping layer. Shaping layers of this kind are well known in the art and have been described in International Application 
No. PCT/US91/08531 . U.S. Patent 4.536.440 to Berg. U.S. Patent 4.807.619 to Dyrud et al.. and U.S. Patent 4,827.924 
to Japuntich, the disclosures of which lare incorporated here by reference. Atthough the term "shaping layer" is used in 
this description wrth the primary purpose of providing shape to a face mask, a shaping layer can also have other func- 
tions, which in the case of an outer shaping layer may even be a primary function, such as protection of the corrugated 
filtration layer and prefittration of a gaseous stream, or the shaping fayer may serve as a means 16 for retaining the cor- 
rugated shape of the corrugated filtration layer. 

As shown in FIG. 3, a pliable dead-soft band 30 of metal such as aluminum can be provided on mask body 23 to 
allow rt to be shaped to hoW the face mask in a desired fitting relationship to the nose of the wearer. Mask body 23 can 
have an annular mask base 26 that makes a snug f tt to the wearer's face by use of straps 28 or other suitable means 
such as tie strings, an adjustable harness, and the like. Atthough the cup-shaped mask body 23 has a curved, hemi- 
spherical shape, the mask body can take on other shapes. For example, the mask body can be a cup-shaped mask 
having a construction like the face mask disclosed in U.S. Patent 4,827.924 to Japuntich. 

In FIGs. 5 and 6. an example of a fitter 42 for use in a respirator (not shown) is Illustrated. Fitter 42 would be used 
in a respirator that has a fluid-impermeable mask body molded to accommodate fitter 42. Filter 42 comprises first and 
second filter elements 43 and 44 for filtering particulate and gaseous contaminants, respectively. 

First fitter element 43 renrK)ves particulates from the air and includes a con'ugated NWPM 12. Corrugated NWPM 
12 can be secured to a shape-retaining means 16 as described above to form a composrte structure 10. Composite 
structure 1 0 can be secured to an outer surface of rigid body 46 to act as a pref liter that fitters out particulates to prevent 
them from entering fitter element 43. 

Second filter element 44 comprises a sorbentf ilter material for removing gaseous contaminants. The sorbent mate- 
rial may be in the form of a pluraltty of sorbent granules 45 unrted in the form of a rigid body 46 such as described in 
U.S. Patent 5,033,465 to Braun, the disclosure of which is incorporated here by reference. Such a bonded sorbent 
structure includes sorbent granules 45 bonded together by polymeric binder particles to form rigid body 46. Rigid body 
46 preferably is a unified impact-resistant structure. The sorbent granules are uniformly distributed throughout the rigid 
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body and are spaced to permit a fluid to flow therethrough. The sortent granules can be. for example, activated cartx)n 
granules, and the polymeric binder particles can be, for examplep polyurethane, ethylene-vinyl acetate, and polyethyl- 
ene. A layer 51 of nonwoven fiber can be secured to the surface of rigid body 46 opposite composite structure 10 to 
protect this sorbent particles from abrasion. Second fitter element 44 may also comprise a plurality of loose or unbonded 

5 sorbent granules placed together in a container to which the second fitter element is secured. 

Although the composite structure 10 of the invention has been illustrated as being useful as a filter element, the 
composite structure 10 also can be used as thermal insulation, in such an instance, the conjugated NWPM preferat^ly 
contains crimped staple fiber as taught in U.S. Patent 4.1 18,531 to Hauser. Crimped staple fibers have a continuous 
wavy, curly, or jagged character along their length and average about 2 to 15 centimeters in length with a crimp count 

10 of at least about 2 crimps per centimeter. The crimped staple fibers generally are larger diameter fibers which are ran- 
domly and thoroughly intermixed and intertangled with the microfiber and account for approximately at least ten weight 
percent, and preferably in the range of about 25 to 75 weight percent of the fibers in the web. The staple fibers typically 
have a percent crimp of at least about fifteen percent, and preferably at least about 25 percent The webs disclosed in 
Hauser provide very good thermal insulating efficiency per unit weight and after having been con'ugated and united to 

IS a shape-retaining means provide a composite structure having good integrity and thermal resistance, making compos- 
ite structures which utilize such webs valuable insulators for apparel such as jackets, coats, and footwear, including 
boots, and also for other articles such as sleeping bags. The composite structures may be secured to such articles by 
adhesive bonding, stitching, gluing, and the like. 

Turning to FIG. 7. an example of corrugating apparatus 47 of this invention is shown which is useful for continuously 

20 making a composite structure according to the method of this invention. The apparatus illustrated in FIG. 7 is particu- 
larly advantageous for making a conjugated NWPM. Using the method and apparatus of this invention, a lofty NWPM 
can be corrugated without tearing the web or substantially inaeasing its solidity. NWPM are delicate: they can be easily 
torn and compacted, which conditions can render the NWPM unsuitable for use in a face mask. Torn webs allow con- 
taminarits to pass through the face mask, and compacted wet3s can cause significant increases in pressure drop. Good 

25 web loft also is important for thermal insulatbn. Face masks that have high pressure drops can be very uncomfortable 
to wear. In accordance with this invention, corrugated NWPM webs can be made without increasing the starting web*s 
solidity by more than 15 percent on average, more preferably by not more than 3 to 5 percent on average. In many^ 
embodiments, the solkJity of the NWPM is increased by not more than one percent or is so insignificant to be unnotice-" 
able. There is very little contact with the web using the method and apparatus of this invention, and thus the loft or thick- 

30 ness of the web and ultimately the solidity is preserved and lower pressure drops are obtained. Further, the method of 
retaining the corrugated pattern of the corrugated web provides a maximum ESA on the resulting product. 

Corrugating apparatus 47 has a plurality of paddles 48 attached at a first end 49 to a means 50 for moving the pad- 
dles about an endless path 52. Each paddle 48 has a second end 54 for supporting a web 56 or 66 (56 designates the 
starting material or non-con'ugated web. and 66 designates the corrugated web) as the paddles move about path 52. 

35 Path 52 has a curved portion 53 and a straight portion 55. The second ends 54 of the paddles are able to move toward 
each other (that is. pitch decreases) as the curved portion 53 approaches the straight portion 55 at region 58 of path 
52 to cause web 56 to con'ugate. 

Means 50 preferably is a single flexible belt 57 (FIG. 8), but may also be, for example, a plurality of spaced paraller. 
flexible belts. By 'YIexible" Is meant the belt can be bent or deflected orthogonal to the machine direction so that the belt 

40 can assume a 360 degree path. When the paddle moving means 50 is flexible belt 57, paddles 48 can be embedded in 
flexible belt 57 at their first end 49 at spaced intervals. The paddles* first ends are preferably embedded in the belt such 
that the edge of the first end 49 is approximately flush with the inner surface of flexible belt 57. Preferably, at least 70 
percent, more preferably at least 85 percent, of the total paddle length extends from the belt 57. Belt 57 preferably is 
about 5 to 15 mm thick, more preferably 7 to 10 mm thick. 

45 The paddles move in the machine direction with the belt and are constrained to remain normal to a tangent of the 
flexible belt 57. The spacing of the paddles defines chord length, and so it is important that the paddles' first ends do 
not move or vibrate laterally in the machine direction. Flexible belt 57 preferably is made from a material that stabilizes 
the paddles* position so that the chord length in the resulting corrugated web 66 can be kept consistent. A rubber belt 
having a Shore A durometer in the range of 25 to 90 can be suitable for stabilizing the paddles' position. It has been 

so discovered that a rubber belt made from silicone rubber can adequately constrain the paddles to prevent lateral move- 
ment. Examples of suitable silicone rubbers include RTV-630 available from General Electric, and Silastic Type L RTV 
used in conjunction with a Type E curing agent, both available from Dow Corning. 

As shown in FIG. 8, belt 57 can be further supported by running a plurality of parallel reinforcing members 59 
through the belt 57. Parallel reinforcing members 59 are embedded in belt 57 and can be any suitable chord, line. 

55 strand, etc. that woujd not break or unduly stretch under normal operating conditions. As shown in FIG. 9, first end 49 
of the paddles 48 can have a plurality of openings 61 to accommodate the parallel reinforcing members 59. Parallel 
reinforcing members pass through openings 61 throughout belt 57 to assist in the securement of paddles 48 to belt 57. 
First end 49 of a paddle 48 can also be provided with an in^egular configuration including baffles or other openings 63 
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that promote constrainmerrt of paddles 48 in belt 57. 

A-, apparatus 47 has a first means 60 for introducing a non-corrugated web 56 to corrugating apparatus 

47. Rra means 60 causes non-corrugated web 56 to make contact with the paddles' second ends 54 upstream to 
where the non-corrugated web 56 is corrugated at 58. A second means 64 is provided fbr introducing a means 16 for 
lining the corrugated shape of the corrugated web 66. The second means 64 causes the shape-retaining means 16 
to make contact with corrugated web 66 downstream to where it is con-ugated at 58. A means 70 secures the shape- 
retaining means 16 to corrugated web 66. ^ 

First means 60 for introducing a non-corrugated web 56 to apparatus 47 can include a stationary guiding member 
72^Guiding member 72 preferably has a flared end 73 and a cun«ture that corresponds to the arc created by the sec- 
Tt^Jt?. ^ ®^ "^^ P** ^2 POrt'°" 53. GuWing member 72 causes non-corru- 

® iflr'®^,? *® P®*"®^" 54 on the curved portion 53 of path 52. Non-corrugated 

web 56 will typically feed off a roll or extruder (not shown). 

Guiding member 72 can also extend over the straight portion 55 of path 52 to preserve the corrugated condition of 
web 66 In such a location, member 72 retains the web 66 relative to the paddies' second ends 54 as the paddles 48 
move about path 52. A weight 74 or other suitable means can be placed on member 72 to maintain a slight degree of 
pressure on web 66 at the paddles' second ends 54. In lieu of guiding member 72 to preserve the web's corruga^ con- 
dition, other means such as air impingement or a circulating contact belt may be employed. 
■7« Hf L"L^ ^ introducing a shape-retaining meansto conugated web 66 can include, fbr example, a bobbin 

76 that turre to feed a shape-retaining means 16 such as a porous nonwoven sheet (or a plurality of linear bands fila- 
ments^ fibere) ttiat is to be fastened to the corrugated web 66. Shape-retaining means 16 can make contact with'cor- 
rugated web 66 by using a guiding member with a flared end similar to 73. or as shown in FIG. 7. shape-retaining 
means 16 can be placed in contact with corrugated web 66 by passing means 16 under securing means 70 

Securing means 70 is a device that attaches corrugated web 66 to shape-retaining means 16. Securing means 70 
nay be. fbr example, a thermomechanical bonding apparatus, a melt spinneret system, a pressure roller, and the like 
Securing means 70 preferably secures comigated web 66 to shape-retaining means 16 selectively at valleys 20 of the 
«!I[i!?MS^.I° * "T*"® ^"^'^ ^ « *"*«""9 fece mask, securing means 70 preferably attaches a corru- 
gated NWPIWI to a shape-retaining means 1 6 in a manner that least distuitjs the lofty condition of the corrugated non- 
woven web. » louiiwii 

A prefen-ed securing means 70 fbr use with a NWPIWI is a thermo-mechanical bonding apparatus. A thermome- 
chanical bonding apparatus, such as an ultrasonic welding device, can selectively secure a corrugated web to a shaoe- 
retaining means in a manner which least disturbs the lofty condition of a corrugated NWPM. thereby preserving fte 
web s irtilrty as a filter. An ultrasonic welding device has a horn 78 driven by a standard commercially available uttiasonic 
power dev«e (not shown). The anvil includes paddles 48. and the paddles' second ends 54 act as anvil colTfSur- 
«^h^ "^'^S'!.'" ^" ^® ^ corrugated web 66 to be melt bonded to the shape-retaining means 16 

over the second «xJs 54 of paddles 48. A supporting member 79 such as a roller is preferably located opposite hom 
78 adjacent to padd es' first ends 49. Supporting member 79 assures that web 66 ad shape-retaining means 16 absorb 
he ultrasonic signals to form a bond therebetween, as opposed to allowing paddles 48 to vibrate. The ultrasonic vibra- 
tons from horn 78 are preferably concentrated at discreet regions over paddles' second end 54 to form intermittent 
securement points 18. as shown in FIGs. 1 and 2. imermmem 

In FIG. 9, a front view of a paddle 48 is shown. Paddle 48 has a plurality of spaced energy concentrators 62 in the 
forni of spaced protrusions on the paddles' second end 54. Energy concentrators 62 cause corugated web 66 to be 
bonded to shape-retaining means 16 above each energy concentrator. To make a composite structure 10 that has the 
Staggered ^ welds illustrated in FlQs. 1 and 2, the second ends 54 of a paddle is provided with spaced energy con- 
^TJll^irfT TJ"^ concentrators of an adjacent paddle, for example, at approximatdy one- 
fourth to one-haB the distance between concentrators on adjacent paddles, more preferably at about one-half the dis- 
tance (see Y FIG. 1). Alternatively, the energy concentrators may be randomly spaced on each paddle. The size of the 
energy concentrators may vary depending on the number of web layers and the size of the corrugations in the corru- 
gated web. but typically have a top surface area of about 1 to 10 mm^. more typically 2 to 6 mm^. To form a corrugated 
Wtraton layer for aface mask, the top surface area of the energy concentratois isabout2 to4 mm^. In general, thepad- 
dles48areabout1to2 mm thtek, and more typically about 1 to 1.5 mm thick. ."nepao 
!lrTJ?/'°"7* ** "^^^ ^ contemporaneously corrugate more than one web 56. A plurality of non-corru- 
gated webs 56 (dotted lines) can be fed into the corrugating apparatus 47 simultaneously at 60. When so doing each 
web 56 becomes corrugated at the same time as the paddles' second ends 54 move towards each other at 58 UHra- 
sonic welds or other bonding means can secure corrugated web 66 to a shape-retaining means 16 to provide a coex- 
tensive laminate of conugated webs 66 in the resulting composite structure. 

, J?"® ^'^^ °* ^'^ composite structures to be made which have various amounts of corru- 

ga ed web 66 per a given chord length. The amount or length of the web between two adjacent peaks or valleys 20 is 
determined by the piteh of the paddles at the point of web introduction. To explain the effect of pitoh by way of example 
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consider adjacent paddles 48 having second ends 54 spaced 1 cm (pitch o i cm) where web 56 first makes contact 
with the paddles' second ends 54 on curved portion 53. With the paddles spaced as such, there would be 1 cm of cor- 
rugated web 66 between two adjacent peaks or valleys 20 in the resulting composite structure 1 0. The pitch of the pad- 
dles where bonding occurs on straight portion 55 determines the chord length for each individual conrugations. If the 

5 paddles have a pitch of 0.5 cm at the point of securement. the chord length will be 0.5 cm between adjacent valleys on 
the resulting composite structure to provide a conrugation ratio of 2:1 . 

Turning to FIG. 10, an alternative embodiment of a corrugating apparatus 47' is shown. In corrugating apparatus 
47' the paddles 48' move about a path 52' that has a curved portion 53' that has a varying bend radius. The varying 
bend radius causes adjacent second ends 54' to have a decreasing pitch in the direction of paddle movement. This 

10 decrease in pitch, in turn, causes web 56' travelling on paddles' second ends 54' to be corrugated. The bend radius in 
apparatus 47' increases as the paddles 48' move downstream along the curved portion 53'. 

Corrugating apparatus 47' has a first means 60' for introducing non-con-ugated web 56' to the paddles' second 
ends 54*. Rrst means 60' preferably has a plurality of locations for introducing non-corrugated web 56' on the curved 
portion of path 52'. FIG. 10 Illustrates five different locations where non-corrugated web 56' can be introduced to appa- 

15 ratus 47. At location 1, the paddles' second ends 54' are moving at the fastest speed (pitch is the greatest here) and 
therefore more non-corrugated web 56' will be introduced to the apparatus 47' at that location. This will result in a cor- 
rugated web 66' having a greater amount of con'ugated web per chord length than, for example, a web introduced at 
locations 2. 3. 4, or 5. A web 56' introduced at location 5 would have the least amount of corrugated web 66' per chord 
length on the resulting composite structure. Therefore, by changing the point of web introduction, the corrugation ratio 

20 can be altered when using apparatus 47'. 

Belt 57' can be supported over the curved portion 53' of path 52' on a module 80'. Module 80' carries a plurality of 
movable members such as rollers or balls 82'. Balls 82' rotate and circulate through the module 80' as belt 57' moves 
about the curved portion 53' of path 52'. When the balls 82' reach the end of the curved portion 53' of path 52', the balls 
82' drop to the bottom of module 80' to be recirculated again. Module 80' can be fashioned so that it can be quickly 

25 renrKSved and replaced with a module having a different varying bend radius. Thus, as an alternative to introducing the 
web at various locations along a curve with a varying bend radius, different corrugation ratios may be obtained by hold- 
ing the point of web introduction constant and varying the bend radius by inserting a module of a different bend radius. 

In FIG. 1 1, a further alternative emtxxliment of a con-ugating apparatus 47" is shown. Ck)n-ugating apparatus 47" 
has a means 88" for altering the pitch of paddles' second ends 54". Pitch altering means 88" is located along the path 

30 52" adjacent to the means 70" for securing the shape-retaining means 16" to the nonwoven corrugated web 66". The 
pitch altering means 88" operates by deflecting the paddle moving means 50" in a direction orthogonal to the machine 
direction (as shown by the vertical double arrow). This deflection occurs where tiie shape-retaining means 16" is 
bonded to corrugated web 66". An ultrasonic wekJing device can be enptoyed in this embodiment to bond conrugated 
web 66" to a sheet of ulti'asonically-bondabte fabric or other means such as a plurality of bands, filaments, threads, or 

35 fibers. By decreasing the pitch here, there is a decrease in chord length and therefore an increase in the number of cor- 
rugations per unit length of tiie resulting composite structure. To avoid tearing web 66". it is important that the bend 
radius at 90" is not less than the bend radius at the point of web introduction. It is also important to remove the conpos- 
ite structure 10" from the paddles' second ends 54" before they move apart at bend 92"; otiienwise. tiie composite struc- 
ture 10" can be damaged. Although FIG. 1 1 illustrates path 50" being deflected in a manner that causes chord length*' 

40 to decrease, path 50" also could be deflected in the opposite direction to increase chord length. 

Other features and advantages of this invention are further illustrated in the following examples. It is to be expressly 
understood, however, that while the examples serve this purpose, the particular ingredients and amounts used as well 
as other conditions and details are not to be construed in a manner that would unduly limit the scope of tiiis invention. 

45 EXAMPLES . 

Nonwoven Web of Polymeric Microf iber 

The NWPM used in the following examples was an electrically-charged polypropylene BMF web that had an aver- 
so age basis weight of 55 grams per square meter (g/m^), an average thickness of 0.086 cm (0.034 inch) (as measured 
while applying a 0.1 g/cm^ force using a Low Pressure Thickness Gauge Model No. CS-49-46 available from Custom 
Scientifk: Instruments, Inc.. Whippany. New Jersey), a fiber density pf of 0.91 . and a solidity of less than approximately 
0.08. 

55 gh^pg Petaininq Me^ns 

The shape retaining means used in tiie following examples was a 16.95 g/m^ (0.5 oz./sq.yd.) CELESTRA nonwo- 
ven spunbond polypropylene ^ric available from Fibenveb North America. Inc., Simpsonville. Soutii Carolina. 
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The corrugating apparatus used to fabricate corrugated NWPM in the following exanples was similar to the corru- 
gatng apparatus shown in FIG. 7. The apparatus had a flexible endless belt 27.9 cm in width and 0.64 cm thick (0 25 
L"!2.^" * .1 T ^""^ E'e'^ric). Steel paddles were embedded at 

11?^ *^'!*^*^ ^"^ «h« '"Side surfaceof the belt. Nylon choids 

1.5mm (0.06 indi) in diameter (surveyor's snap line) ran through openings 61 (FIG. 9) in the ends of the paddles fbr 

!!.'S?*"!f ^ ""^ '"^^ 3-^8 (1-25 inch) high, and were 27.9 cm (11 

inches) wKJe at me embedded first end and 24.1 cm (9.5 inch) wide at the second free end. The paddles embedded 
ends were spaced center-to-center at 0.64 cm (0.25 inch) as measured on the straight portion of the path. A plurality of 
spaced energy concentrators were located along the upper edge of the paddles as ilb^^^^ 

to-center at 3.18 cm (1 25 moh). The concentrators on adjacent paddles were offset by 1 .59 cm (0.63 inch) The belt 
fraveled over 6^5 cm (2^ inch) diameter rollers spaced axis-to-axis at appradmately 20 cm (7.875 inches critiJg 
two straight portons on the path of the same length. The f lexble belt assembly was driven by a variaWe^eSS 



HriwiL o^tT * BR^SON 501 ultrasonic welder assembly with a 2.5:1 booster 

^ ^"^"^ ^ 2^ '"^ '■"°*') The welder was driven by a BRANSON 

1300P power supply controlled by a variac. The leading and trailing edge of the horn had a slight curvature to facilitate 

^y^^T" ^^'^^^'^ "^'^ between L face of the ulSfc 

NWPM ^"^^ concentrators was regulated by an air pressure cylinder so as to minimize damage to the 

^♦i^'i'i VJ® above-described corrugating apparatus, the resultant corrugated webs had an approximate corrugation 
ratio of 1 .7:1 and the securement points rendered approximately 1 .1% of the CSA unavailable for fatering 
ih. n^l'^lTn^T^'^^'ll parameters were controlled to insure sufficient securement of the NWPM to 

the CELESTRA fabric without creating holes in the NWPM by -over-welding" or "over-pressure" These three oarame- 
terswej:1)theforce applied to, the NWPM and CELESTRAfabric from the^ 

nr2,S„'^r<f« ''^ 1? ^i^^^^y ^ 3) speed of the corrugating belt. Representative run conditions 
fbr produang the corrugated web configuiations were as shown in Table 1 : 



TABLE 1 



Web Configuration 


Horn Cylinder Pressure 
(kg/cm^) 


Welder Power (Watts) * 


Belt Speed Meters Per 
Minute (mpm) 


1 Layer NWPM and 1 layer 
CELESTRA fabric 


0.56 


1050 


15.8 


2 Uyers NWPM and 1 layer 
CELESTRA fabric 


0.70 


1200 


13.4 



'Estimated power based on power SMpplied to weUer 



«nH IS. ^ CELESTRA fabnc were drawn into the corrugating apparatus by the circulating paddle action 

and were welded together just above the energy concentrators. After welding the NWPM and the CELESTRA f^ric 
together the resulting composite structure was removed from the paddles before ttie free ends of the paddles began to 
spread at the curved portion of the path. cH«"iesDeganro 
The configuration of the composite structures that were used in these Examples are shown in FIG. 12 where 

^pTmtIaS'- ^^^^ ^^^'^ the flat NWPM. and numeral 21 repres^nls ttte 

CELESTRA febnc. The flat composite structures are noted as structures a-c, and the compostte structures that contain 
^rrugated NWPM are noted as structures a'-C. Composite structures that contained Sayers of^^u^at^ 
^T^^ l P'^^** 'e««"9 two flat webs from their respective rolls into the corrugating apparatus in an 
unbonded, fece-to-face configuration. The 3-layer corrugated web (structure c ) was prepared from two separate com- 
M.S^lf^i'T'^' * ^'^^^ ^ « CELESTRA fabric (structure a") and r2-layer cor- 

Structures were placed in back-to-tece contact without being attached to each ottier. »~ 
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Pressure Drop and Particle Penetration Testing 

Comparative performance of the various filter examples was determined using a method similar to Military Stand- 
ard MIL-STD-282, wherein the fitter configurations were subjected to particulate challenges and the particle concentra- 

5 tions upstream and downstream of the filter were monitored. Testing was conducted on a Model 81 10 Automatic Rlter 
Tester (AFT), available from ThernrK) Systems. Inc.. St. Paul. Minnesota. Each composite structure was challenged with 
a solid (NaCI) and/or a liquid (dioctyl phthalate. (DOP)) aerosol which were generated from a 2% NaCI solution in dis- 
tilled water or neat DOR respectively at flow rates of 85 liters pet minute (1pm) as indicated. The NaCI aerosol had a 
log-normal distribution with a particle size count median diameter of 0.10 micrometers and a geometric standard devi- 

10 ation of 1.9. The DOP aerosol had a log-normal distribution with a particle size count median diameter of 0.19 microns 
and a geometric standard deviation of 1 .5. Aerosol concentration upstream and downstream of the filter was monitored 
by a photometer with filter penetration calculated by a microprocessor. Testing is automatic with the data for pressure 
drop, penetration, flow rate, and particulate challenge displayed and logged on an auxiliary computer. 

Using the pressure drop and penetration data, a quality factor. Q. can be calculated. The Q foctor is a unitless prop- 

75 erty that measures a filter's performance at a given flow rate for a given filter configuration. 

Quality Factor=0^-M£in^^ 
' pressure drop 

20 

The formula for calculating the 0 fector is linear relative to the pressure drop, and is exponential relative to the penetra- 
tion. In a comparison of Q factors by means of a linear analysis, a larger positive Q factor value indicates better filter 
performance in cfirect linear proportion. 

25 Examples 1-3 and C?Qmparqtiv? Example? C-1 tP C-8 

All samples tested were circular samples. 13.3 cm (5.25 inches) in diameter that were cut from composite struc- 
tures having the configurations shown in FIG. 12: The samples were mounted in a sample holder which exposed a cir- 
cular (diameter of 11.22 cm (4.42 inch)) portion of the sample to the particulate challenge. Flat NWPM samples 
30 illustrated in FIG. 12 as composite structures a-c had an ESA of 99 cm^ and composite structures a'-c' occupied the 
same surface area in the sample holder t>ut had a corrugation ratio of 1 .7:1 to provide a greatly expanded ESA. 

In each example, five (5) samples were tested for the initial penetration and initial pressure drop and the results of 
these tests were averaged and are reported in Tables 2 and 3. A quality factor, Q, was calculated from the averaged 
penetration and pressure drop data. 

35 



TABLE 2 





DOP Challenge 


40 


Example 




Structure 


Initial Pressure 


Initial Penetration 


Quality Factor Q 


Q Factor Ratio 








Drop (mmH20) 


(percent) 




Corr/Ffat 




C-1 




a 


4.98 


29.800 


0.24 






C-2 




' b 


11.34 


6.564 


0.24 




45 


C-3 




c 


17.32 


1.744 


0.23 






1 




a' 


3.34 


24.720 


0,42 






2 




,b' 


8.72 


3.824 


0.37 




SO 


3 




tf 


12.12 


1.029 


0.38 


1.63 



55 
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TABLES 







NaCI Challenge 


Example 


Structure 


Initial Pressure 
Drop (mmH20) 


Initial Penetration 


Quality Factor Q 


Q Factor Ratio 
Con-ZFIat 


C-1 


a 


5,10 


7.585 


0.51 




C-2 


b 


11.33 


0.520 


0.46 




C-3 . 


c 


' 16.76 


0.075 


0.43 




1 


a' 


3.58 


5.755 


0.80 




2 


b' 


8.76 


0.260 


0.68 




3 




13.36 


0.023 


0.63 


1.50 



E^amSfJi*^ 'iltl'^ ^ fi? ^ 'i^^^^^ ^ ^P«"°f performance of the composite structures of this invention. In 
Examples 1-3. the corrugated configurations a'-c' of this invention provided lower pressure drops lower penetration val- 

_ The average Q factors for a OOP challenge aerosol are 0.39 for composite structures a'-c' of Examples 1 -3 and are 
a24 for composrte structures a^: of Comparative Examples CO through C-3. The ratio of these two avw^^ 

pies 1 -3 and are 0.47 for composite structures a-c of Comparative Examples C-1 through C-3. These two averaaed Q 
22^ i™.^!i^° corrugated^Jflat) of 1.50. The 1.63 and 1.50 ratios demonst«te L thfeLS^T^^^^^ q 
fectorimprovement in perfonnance of 63% and 50%, respectively. fwiowaw 

Service Life Testing 

Composite structures a-c and a'-c' shown in FIG. 12 were tested for service life by measuring pressure dioo and 
pen^raton while ^osed to a particulate challenge over certain periods of time. TTie particle cSuInTSs 
min^l'- P:rr:3™' "H?"' ^^"^^ every minute over « ti^e span of atT^st^^Sle 

aged and ^e averaged pressure drop, penetration, and Q factor data is reported in Table 4 where pressure droo is 
abbreviated as AP. and penelrationis abbreviated as -Pea". a«e wnere pressure drop is 



TABLE 4 



Service Life Tests for Flat Composite Structures of this Invention 



Example 


Structure 


Approximate Elapsed Time (minutes) 








1 


5 


10 


15 


20 


25 


C-1 


a 


AP (H2O) 


5.17 


9.47 


16.33 


33.83 


83.80 


157.83 






Pen.(%) 


8.583 


3.270 


1.517 


0.231 


0.005 


0.001 






Q Factor 


0.48 


0.36 


0.26 


0.18 


0.12 


0.07 


C-2 


b 


AP (H2O) 


11.93 


16.83 


24.60 


46.10 


103.50 


181.50 






Pen. (%) 


0.769 


0.220 


0.103 


0.013 


0.001 


0.001 






Q Factor 


0.41 


0.36 


0.29 


0.19 


0.11 


0.06 


C-3 


c 


AP (H2O) 


18.93 


24.27 


32.20 


55.80 


118.63 


207.50 






Pen. (%) 


0.078 


0.024 


0.011 


0.001 


0.001 


0.001 






Q Factor 


0.38 


0.34 


0.28 


0.21 


0.10 


0.06 






Avg. Q Factor 


0.42 


0.36 


0.27 


0.19 


0.11 


0.06 
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TABLE 4 (continued) 



10 



Service Life Tests for Flat Composite Structures of this invention 


Example 


Structure 


Approximate Elapsed Time (minutes) 








1 


5 


10 


15 


20 


25 


1 


a' 


AP (HgO) 


4.10 


6.37 


9.27 


13.30 


20.03 


32.83 


Pen. (%) 


5.880 


2.167 


1.587 


0.870 


0.322 


0.072 


Q Factor 


0.69 


0.57 


0.45 


0.36 


0.29 


0.22 


2 


b' 


AP (H2O) 


9.37 


11.80 


14.66 


18.70 


25.20 


36.93 


Pen. (%) 


0.274 


0.111 


0.070 


0.041 


0.017 


0.005 


Q Factor 


0.63 


0.58 


0.49 


0.42 


0.35 


0.27 


3 


c* 


APCHgO) 


13.60 


16.10 


19.00 


23.00 


29.63 


45.56 


Pen. (%) 


0.040 


0.017 


0.011 


0.006 


0.002 


0.001 


Q Factor 


0.38 


0.58 


0.54 


0.48 


0,42 


0.27 


Avg. Q Factor 


0.63 


0.56 


0.47 


0.40 


0.33 


0.25 


Average Q Facta Ratio (Conr7Fiat) 


1.50 


1.58 


1.74 


2.07 


3.08 


3.96 



The data set forth in Table 4 demonstrates that, as the sodium chloride particulates were deposited on the corru- 
25 gated and flat composite structures, the pressure drop for the flat composite structures (a-c) increased significantly, 
whereas the composite structures that contain corrugated NWPM (a'-c') do not demonstrate such significant pressure 
drop increases. FIG. 13 shows the superior pressure drop values that are obtained by the composite structures of the . 
invention, where pressure drop is plotted as a function of time. The flat NWPM configurations (a-c) show a significant 
. change in the slope of the plot at approximately 1 2 minutes; whereas the composite structures that contain conjugated 
30 NWPM (a'-c*) showed very little increase in pressure drop up to 25 minutes, and the change in slope for the corrugated 
NWPM (a'-c') is much less than that of the flat composite structures (a-c). . 

A comparison of the average Q factors for the corrugated and flat web composite structures at the indicated time 
intervals shows that at the one minute interval, the ratio is 1 .50 which is identical to the ratio set forth in Table 3. for the 
NaCI initial exposure. As the elapsed time increases, however, the ratio of Q factors (0 corrugated/Q flat) increases to 
35 almost 4 at 25 minutes, thus demonstrating a large magnitude of better performance with this invention. 

Web Thickness Testing and Solidity Determination 

The impact of the corrugating apparatus and method of this invention on web thickness was tested. Solidity is a 

40 function of web thickness, and thus to provide a web of low solidity, it is important to not decrease web thickness. This 
web thickness testing demonstrated that no decrease in web thickness occurred and therefore solidity was preserved 
when a NWPM was con-ugated in accordance with this invention. 

Corrugated webs cannot be measured for web thickness using the Low Pressure Thickness Gauge device 
described above. Thus, in these examples another technique (referred to as the Inpregnation Method) was employed 

45 to determine the thickness of a conjugated web. The thickness of the flat webs of composite structures a and b and cor- 
rugated webs of composite structures a' and b' shown in FIG. 12 were determined using the Impregnation Method by 
impregnating cut-out sections of the fiat webs and the composite structures that contained corrugated NWPM in a low 
viscosity resin, SCOTCHCAST Electrical Resin #8 (available from 3M Conpany, St. Paul. Minnesota). The resin was 
polymerized over a 24-hour period to freeze the corrugated web configuration. The flat and corrugated web samples 

so were then microtomed on the web edge to create an approximately 0.1 mm thick cross-web profile of the web configu- 
ration. The corrugated samples were cut from selected areas of the composite structure where securement points were 
not present to achieve a better comparison to the flat NWPM. The cut samples were then mounted on glass slides, illu- 
minated, and magnified with an INFINIVAR Video Inspection Microscope (available from Infinity Photo-Optical Com- 
pany, Boulder, Colorado). Images were electronically captured with a CCD (charge coupled device) camera, and data 

55 was stored for image analysis. The Imaging system was a QUANTIMET Model Q-570 Image Analyzer Model (available 
from Leica Instruments, Deerfield, Illinois) having the capability to analyze the image, determine the NWPM kx)unda- 
ries, and calculate NWPM thickness regardless of the web pattern. Solidity was calculated from the web thickness. 
This measurement procedure was completed for a minimum of two trials for three samples of each structure. The 
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data was averaged and is set forth in Table 5 as such. 



TABLE 5 



10 



IS 



25 



30 



35 



Example 


Structure 


Average Thickness (mm) 
Per Layer 


Average Solidity 


C-1 


a 


1.21 


0.050 


1 


a' 


1.25 


0.048 


C-2 


b 


0,92 


0.055 


2 


b' 


0.96 


0.053 



The data in Table 5 shows that there is no significant decrease in web thickness or increase in web solidity when 
the NWPM is corrugated using the method and apparatus of this invention. Indeed, the data shows that web thickness 
increased slightly and solidity decreased; however, the increase in thickness and decrease In solidity is within the exper- 
imental error. Accordingly, the loft of the NWPM is preserved. ^ 

so Comparative Examples C-A tn n-A 

The following comparative examples were conducted to demonstrate the delicacy of nonwoven webs of polymeric 
microfiber and the deleterious effects that are incurred when such webs are compacted. In comparative Examples C-5 
to C-8. the nonwoven webs of polymeric microfiber were compacted under various degrees of compressive stress 
Example C-4 is a non-compacted control sample. 

A 25.4 cm wide portion of the NWPM was cut Into a number of 13.34 cm diameter disks. The disks were weighed 
individually and stacked (5 disks per stack) with paper interleaves between each of the disks. The stack position of each 
sample was maintained for data integrity Sample thicknesses were measured using a 2.86 cm diameter circular flat 
bottomed pressure foot attached to a digital thickness gage capable of distance measurements accurate to 2 x lO'^ 
mm. The circular foot and movable gage element combined to weigh 36 grams, resulting In a measurement pressure 
of 5.5 X lO ** bar. 

In Comparative Exanples C-5 through C-8, the NWPM samples were compressed using a 10.16 cm inside diam- 
eter air cylinder acting vertically through a 12.7 cm diameter metal plate. Adjustment of compressive stress delivered 
through the plate onto the nonwoven webs was controlled by a standard air pressure regulator. Each NWPM sample 
was held under the indicated compression for 30 minutes to compact the sample prior to evaluating the filtration per- 
formance of the NWPM sample. Thickness readings were taken prior to compaction, immediately following compactfon 
and within approximately 10 minutes after filtration testing, and solidity was calculated therefrom. Filtration testing was 
performed approximately 10 minutes after compaction. The NWPM samples were tested for particle penetration and 
the results of the testing are reported in Table 8 as an average of five samples 

40 



45 
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The data in Table 8 demonstrates that slight conipresslve stresses will contact a NWPM, causing an increase in 
solidity and pressure drop and a decrease in the quality factor, Q. The compacted NWPM of Comparative Examples C- 
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15 through C-18 did not perform nearly as well as the non-compacted NWPM of Comparative Example C-14. 
Comparative Examples C-9 Through C-16 

In these Examples, the NWPM was conjugated using a gear corrugating machine having identical 35.56 cm wide 
gears of 19.05 cm pitch circle diameter The gear teeth were spaced at 0.3386 cm circular pitch. The gear rolls were 
spaced from each other at an optimum partially meshing condition to form a distinct corrugation pattern without crush- 
ing the miCTofiber web more than necessary to achieve the corrugation pattern. The uppermost gear was held at 20** C 
and the other gear at 79" C using tempered circulating water. As shown in Table 9. the peripheral speed of both gear 
rolls was adjusted between 3.05 and 21.34 meters per minute (mpm). The NWPM was passed through the meshing 
zone of the gears as they rotated in opposite directfons, forming a corrugated NWPM having a plurality of generally par- 
allel ad evenly spaced corrugations. 

The corrugated structure of the NWPM was maintained by depositing spaced parallel strands of molten polypropyl- 
ene (WRS-6. Lot 197. available from Shell Oil Co.) on the structure transverse to the parallel corrugations at a center 
to center spacing of 0.25 cm. The polypropylene strands were dropped vertically downward from a spinning die at a 
temperature of 242*>C onto the peaks of the parallel conjugations. The polypropylene strands were melt bonded to the 
conjugated NWPM and were allowed to cool under ambient conditions. 

Comparative Example C-16 is a flat non-corrugated NWPM taken from the same lot as Comparative Examples C- 
9 through C-15. Pressure drop and penetration testing was performed as described above, the results of which are 
reported in Table 9. 

Example 4 

In this Example, a NWPM taken from the same lot as Examples C-9 to C-16 was corrugated as described in Exam- 
ple 1 to form a composite structure having the configuratfon a' shown in FIG. 12. The bonds to the shape-retaining 
means were sized so that the ESA of this composite structwe is approximately the same as the ESA of Examples C-9 
to C-15. ^ 



TABLE 9 



Comparison 


of Corrugated Nonwoven Webs of Present Invention to Non-conjugated and Gear Corrugated Nonwo- 

venWel)s 


Example 


Strand Diameter 
(mm) 


Machine Direction 
Process Speed 

(mpm) 


Initial Pressure Drop 
(mmHgO) 


Initial Penetration 
(%NaCI) 


0 


C-9* 


0.96 


3.05 


6.58 


7.24 


0.40 


C-10* 


0.68 


6.10 


6.46 


6.90 


0.41 


c-ir 


0.56 


9.15 


6.04 


8.64 


0.41 


C-12* 


0.48 


12.20 


5.54 


8.80 


0.44 


C-13* 


0.43 


15.24 


4.75 


9.33 


0.50 


C-14* 


0.38 


18.29 


5.12 


8.94 


0.47 


C-15* 


0.33 


21.34 


4.78 


8.28 


0.52 


Average Values for C-9 to C-15 


5.61 


8.30 


0.45 


C-16** 






5.36 


8.56 


0.46 


4 






4.52 


5.36 


0.65 



*Gear Corrugated Samples 



Non-corrugated control sample 



The data set forth in Table 9 demonstrates that the Q factor for the composite structure of this invention (Example 
4) is far superior to the Q factors for the gear corrugated samples (Examples C-9 to C-15). The gear corrugated sam- 
ples (average 0 factor 0.45) demonstrated no gain in filtration performance over the non-corrugated sample (Q factor 
0.46) of the same NWPM (Example C-16). 
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Examples 5-17 

The purpose of these Examples is to show that composite structures of the invention can provide good thermal 
insulating properties. 

5 The NWPM used in these Examples contained a mixture of microf ibers and crimped staple fibers. The NWPM was 
made as described in US. Patent 4.1 18,531 to Hauser. TTie NWPM contained 65 weight percent polypropylene (Fina 
3860x, Houston, Texas) microfiber and 35 weight percent polyester staple fibers (Hoechst Celanese. Charlotte. North 
Carolina) that had a staple length of about 3.81 cm (1 .5 inches) and 6 denier per filament. The microfiber had an arith- 
metic median fiber diameter of approximately 7 micrometers. The staple fibers were approximately 38 millimeters in 

10 length and had about 2.4 crinrps per centimeter. The composite structures were prepared as described in Exanples 1 - 
3. A single layer of CELESTRA nonwoven spunbond polypropylene fabric was employed as a shape-retaining means. 
Each composite structure had a size of 10 cm by 10 cm and was configured as outlined below in Table 10: 



IS 



TABLE 10 



Example 


Basis Weight of NWPM 


Number of Layers 


Corrugation Pitch (mm) 


5 


40 


1 


9.52 


6 


40 


2 


9.52 


7 


40 


3 


9.52 


8 


40 


1 


4.76 


9 


40^ 


2 


4.76 


10 


40 


3 


4.76 


11 


100 


1 


9.52 


12 


100 


2 


9.52 


13 


100 


3 


9.52 


14 


100 


1 


4.76 


15 


100 


2 


4.76 


16 


200 


1 


9.52 


17 


200 


1 


4.76 



The composite structures were tested for thermal resistance using a Rapid-K^^ test unit available from Dynatech 
40 R&D Company. Cambridge. Massachusetts. The Thermal resistance measurements were conducted according to 
ASTM Test Method C51 8. The results of the thermal resistance tests are set forth in Table 1 1 . where do values are pro- 
vided to illustrate the thermal resistance. Clo is defined mathematically as 



45 



..f„ (0.18°C)( meter) ^(/?Qur) 
{kilocalories). 



so 



55 
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TABLE 11 



Example No. 


Basis Weight (g/nr) 


Thermal Resistance 
(Clo) 


Clo Per Unit Weight (x 
1000) 


5 


74 


1.084 


14.6 


6 


174 


1.465 


8.42 


7 


237 


1.549 


6.53 


8 


90 


0.758 


8.42 


9 


162 


1.015 


6.26 


10 


243 


1.299 


5.34 


11 


180 


1.568 


8.71 


12 


360 


1.775 


493 


13 


619 


2.165 


3 49 


14 


197 


1,035 


5.25 


15 


370 


1.61 


4.35 


16 


370 


1.808 


4.88 


17 


349 


1.161 


3.32 


C-17* 


207 


0.624 


3.01 


C-18^ 


412 


1.475 


3.58 



a. This sample was 3M oommercial product Thinsulate™ B-200. which is an embossed nonwoven 
web that has the same fiber composition as the NWPM of Examples 5-17. 

b. This sample was 3M commercial product Thinsulate™ B-400, which is an embossed nonwoven 
web that has the same fiber composition as the NWPM of Examples 5-17. 



The data in Table 11 show that the thermal insulation of the invention can demonstrate good thermal resistance. 
The data also show that the thermal insulation of the Invention can demonstrate better clo values per unit weight than 
embossed products. A non-embossed, non-con'ugated sample would, in most instances, demonstrate better do values 
per unit weight than the thermal Insulation of the invention; however, the former would, as indicated in the Background, 
lack satisfactory web integrity to allow the web to be adhered to another surface and to allow the web to maintain a 
cohesive structure after being exposed to abrasion. 

This invention may take on various modifications and alterations without departing from the spirit and scope 
thereof. Accordingly, it is to be understood that this invention is not to be limited to the above-described, but it is to be 
controlled by the limitations set forth in the following claims and any equivalents thereof. It is also to be understood that 
this invention may be suitably practiced in the absence of any element not specifically disclosed herein. 

Claims 

1 . A composite structure that comprises: 

a con-ugated nonwoven web of polymeric microfiber and a means for retaining the shape of the corrugated 
nonwoven web of polymeric microfiber, 

the corrugated nonwoven web of polymeric microfiber having an average pore size of less than 150 microme- 
ters, a solidity of 0.1 or less, and a plurality of generally parallel corrugations, the shape-retaining means 
extending across the generally parallel corrugations and being secured to the corrugated nonwoven web of 
polymeric microfiber at valleys of the generally parallel con-ugations such that the shape-retaining means is not 
coextensive with the corrugated nonwoven web off polymeric microfiber between two adjacent valleys. 

2. The composite structure of daim 1 , wherein the conjugated nonwoven web of polymeric microfiber follows a sinu- 
soidal-type curve when viewed from the side elevation and wherein adjacent sides of adjacent corrugations do not 



20 



EP0 582 286 B1 



make substantial contact with each other. 
3. The composite structure of claim 1 or 2. having a corrugation ratio of 10:1 to 1 .2:1 . 

5 4. The composite structure of any of claims 1-3. wherein the corrugated nonwoven web of polymeric microfiber Is 
secured to the shape-retaining means by intermittent securement points which occupy less than 5 percent of the 
corrugated surface area. 

5. The composite structure of claim 4. wherein the intermittent securement points are spaced by a distance Y and are 
10 offset from welds on an adjacent valley by a distance of atx>ut V^Y. where Y is in the range of 0.5 to 5 cm. 

6. The conposite structure of any of claims 1 -5, wherein the composite structure is conformable so that the composite 
structure can be bent around an axis that extends transverse to the generally parallel conjugations at a bend radius 
of about the thickness of the composite structure. 

15 

7. The composite structure of any of claims 1 -6, wherein the nonwoven web of polymeric microfiber has an arithmetic 
median fiber diameter in the range of 2 to 8 micrometers. 

8. The composite structure of any of claims 1-7, wherein the average pore size of the corrugated nonwoven web of 
20 polymeric microfiber is in the range of about 1 0 to 75 ^m. 

9. The composite structure of any of claims 1 -8, wherein the corrugated nonwoven web of polymeric microfiber has a 
solidity in the range of about 0.04 to 0.08. 

25 10. The composite structure of any of claims 1-9. wherein the conjugated nonwoven web of polymeric microfiber corn- 
prises 80 weight percent polymeric microfiber. based on the weight of the fibrous material. 

11. A fibrous-filtration-face-mask that comprises: 

30 a composite structure that is formed to fit over the nose and mouth of a person and comprises a con'ugated 

nonwoven web of polymeric microfiber having a solidity of 0.1 or less and a means for retaining the con'ugated 
shape of the corrugated nonwoven web of polymeric microfiber, the shape-retaining means being secured to 
the corrugated nonwoven web of polymeric microfiber at the valleys of the conrugations such that the shape- 
retaining means is not coextensive with the corrugated nonwoven web of polymeric microfiber between two 

35 adjacent valleys. 

12. The face mask of claim 1 1 , wherein the corrugated nonwoven web of polymeric miaofiber provides the face mask 
with a effective surface area of at least 1 .6 times an effective surface area of a face mask that has a non-corrugated 
filter and is of substantially the same size. 

40 . . ..... • 

13. The face mask of claim 1 1 or 12, wherein the conposite structure has 1 to 4 corrugations per ceritimeter of com- 
posite structure. 

14. The face mask of any of claims 11-13, wherein the corrugated nonwoven web of polymeric microfiber comprises at 
45 least 90 weight percent microfiber based on the weight of the f brous material, the microfiber comprises polypropyl- 
ene and is electrically charged, and the composite structure is juxtaposed against a cup-shaped shaping layer. 

15. The face mask of any of claims 11-14. wherein the corrugated nonwoven web of polymeric microfiber follows a 
sinusoidal-type curve when viewed from the side elevation and wherein adjacent sides of adjacent comjgations do 

so not make substantial contact with each other. 

16. A filter that is capable of removing particulate and gaseous contaminants from a fluid, which filter comprises: 

a first filter element that is capable of removing particulate contaminants from a fluid, the first filter element 
55 comprising a corrugated nonwoven web of polymeric microfiber having a solidity of 0. 1 or less and a means for 

retaining the conrugated shape of the corrugated nonwoven web of polymeric microfiber, the shape-retaining 
means being secured to the conrugated nonwoven web to maintain the conjugated shape of the con'ugated 
nonwoven web of polymeric microfiber; and 
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a second filter element comprising a sorbent material capable of removing gaseous contaminants from a fluid; 
the first and second filter elements being secured to each other and having a shape adapted for attachment to 
. a respirator 

17. The filter of claim 16, wherein the shape-retaining means is not coextensive with the corrugated nonwoven web of 
polymeric microf iber between two adjacent valleys, and whei^ein the corrugated nonwoven web of polymeric micro- 
ftoer has an average pore size of less than 150 micrometers and a solidity In the range of 0.04 to 0.08. 

18. A method of making a corrugated nonwoven web of polymeric microfiber, which method comprises: 

(a) introducing a nonwoven web of polymeric microfiber having a solidity of 0. 1 or less into a corrugating appa- 
ratus that has a plurality of paddles secured at a first end to a means for moving the paddles about a path, the 
nonwoven web of polymeric microfiber maldng contact with spaced second ends of the paddles opposite to the 
paddles' first ends; and 

(b) reducing the spacing between the second ends of the paddles to cause the nonwoven web of polymeric 
microfiber to become corrugated, wherein the con-ugated nonwoven web of polymeric microfiber has a soliditv 
of 0.1 or less. 



19. A method of making a composite structure, which method comprises the steps of claim 18. and further comprises: 

(a) introducing a means for retaining the con-ugated shape of the nonwoven web of polymeric microfiber into 
the corrugating apparatus; and 

(b) securing the con-ugated nonwoven web of polymeric microftoer to the shape-retaining means to form the 
composite structure. 

20. The method of daim 19, wherein the corrugated nonwoven web of polymeric microfiber is secured at valleys of the 
con-ugations to the shape-retaining means by intermittent ultrasonic welds. 

21 . The method of claim 18 or 20, wherein the solidity of the nonwoven web of polymeric microfiber Is not increased by 
more than 3 to 5 percent on average. 

22. Thermal insulation that comprises: 

a conrugated nonwoven web and a means for retaining the shape of the corrugated nonwoven web; 
the corrugated nonwoven web having a solidity of 0.1 or less and containing microfiber and crimped'staple fib- 
ers that have a percent crimp of at least fifteen percent, the shape-retaining means being secured to valleys of 
the corrugations in the corrugated nonwoven web such that the shape-retaining means is not coextensive with 
the corrugated nonwoven web. 

23. The thermal insulation of daim 22. wherein 25 to 75 weight percent of the fibers in the nonwoven web are crinped 
staple fibers having a percent crimp of at least fifteen percent, and 75 to 25 weight percent of the fibers are micro- 
fibers. 

24. The thermal insulation of claim 22 or 23. wherein the nonwoven web has a solidity in the range of 0.008 to 0.07 and 
the corrugations are generally parallel corrugations and the shape-retaining means is intermittently bonded to the 
valleys of the con-ugations. 

25. A corrugating apparatus comprises: 

(a) f irst and second paddles each attached at a first end to a means for moving the first and second paddles 
about a path, the first and second paddles extending radially from the moving means, and each paddle having 
a second end for supporting a web as the first and second paddles move about the path, the second ends of 
the first and second paddles being able to move towards each other to cause the web to corrugate; and 

(b) an ultrasonic welding device located downstream to where the paddles' second ends move towards each 
other, the ultrasonic welding device having a horn and an anvil. and the anvil includes the second ends of the 
first and second paddles. 

26. The apparatus of daim 25. wherein the means for moving the paddles about the path indudes a flexible rubber belt 
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thai has a Shore A durometer in the range of 25 to 90. 

27. TTie apparatus of claim 25. wherein the apparatus has a first means for introducing the web to the conrugating 
apparatus and the path has a curved portion with a variable bend radius, the web being introduced to the oorrugat- 

5 ing apparatus on the cun/ed portion of the path. 

28. The conrugating apparatus of claim 25 further comprising a means for altering the pitch of the paddles, the pitch 
altering means being located along the path adjacent to the ultrasonic welding device. 

10 PatentansprQche 

1. Verbundstruktur, die umfaSt: 

einen gewellten Vliesstoff aus polymeren Mikrofasern und eine Einrichtung zur Beibehaltung der Form des 

15 gewellten Vliesstoffs aus polymeren Mikrofasern, 

wobei der gewellte Vliesstoff aus polymeren Mikrofasern eine mittlere PorengrOOe von kleiner ats 150 ^m. eine 
Dicfite von 0.1 Oder weniger und eine Mehrzahl von im altgemeinen parallelen Wellungen aufweist wobei sich 
die Einrichtung zur Beibehaltung der Form durch die im aligemeinen parallelen Wellungen erstreckt und am 
gewellten Vliesstoff aus polymeren Mikrofasern in Tdlern der im aligemeinen parallelen Wellen derart gesi- 

20 chert ist, daB die Einrichtung zur Beibehaltung der Form nicht den gleichen Umfang aufweist. wie der gewellte 

Vliesstoff aus polymeren Mikrofasern zwischen zwei benachbarten Taiern. 

2. Verbundstruktur nach Anspruch 1 , wobei der gewellte Vliesstoff aus polymeren Mikrofasern sich einer sinusfOrmi- 
gen Kurvengestalt anndhert. wenn er von der Seitenansicht aus betrachtet wird. und wobei benachbarte Seiten 

25 von benachbarten Wellen sich nicht in wesentlichem Kbntakt miteinander bef inden. 

3. Verbundstruktur nach einem der Anspruche 1 Oder 2 mit einem Wellenverhditnis von 10:1 zu 1 ,2:1 . 

4. Verbundstruktur nach einem der Anspruche 1 bis 3. wobei der gewellte Vliesstoff aus polymeren Mikrofasern an 
30 die Einrichtung zur Beibehaltung der Form mit intermittierenden Sicherungspunkten gesichert ist, die weniger als 

5 % des gewellten Oberfiachenbereichs einnehmen. 

5. Verbundstruktur nach Anspruch 4, wobei die intermittierenden Sicherungspunkte durch einen Abstand Y vonein- 
ander getrennt sind und von SchweiBstellen in einem benachbarten Tal durch eine Entfernung von etwa 1/2 Y 

35 abgesetzt sind, wobei Y im Bereich von 0.5 bis 5 cm liegt. 

6. Verfc)undstruktur nach einem der AnsprQche 1 bis 5, wobei die Verbundstruktur anpassungsf£thig ist, so daB die 
Verbundstruktur um eine Achse gebogen werden kann, die sich quer zu den im aligemeinen parallelen Wellen 
erstreckt, mit einem KrOmmungsradius von etwa der Dicke der Verixindstruktur. 

40 

7. Verbundstruktur nach einem der Anspruche 1 bis 6. wobei der Vliesstoff aus polymeren Mikrofasern einen arithme- 
tischen mittleren Faserdurchmesser im Bereich von 2 bis 8 ^m aufweist. 

8. Verbundstruktur nach einem der AnsprQche 1 bis 7, wobei die mittlere PorengrOBe des gewellten Vliesstoffs aus 
45 polymeren Mikrofasern im Bereich von etwa 10 bis 75 pm liegt. 

9. Verbundstruktur nach einem der Anspruche 1 bis 8. wobei der gewellte Vliesstoff aus polymeren Mikrofasern eine 
Dichte im Bereich von etwa 0.04 bis 0,08 aufweist. 

so 10. Vertxindstruktur nach einem der Anspruche 1 bis 9, wobei der gewellte Vliesstoff aus polymeren Mikrotosem 80 
Gew.-% polymere Mikrofasern. basierend auf dem Gewicht des Fasermaterials, unrfaBt. 

11. Faser-Filtrations-Gesichtsmaske. die umfeBt: 

55 eine Verbundstruktur. die gefbrmt ist, um uber die Nase und den Mund einer Person zu passen und einen 

gewellten Vliesstoff aus polymeren Mikrofasern mit einer Dichte von 0.1 Oder weniger und eine Einrichtung zur 
Beibehaltung der gewellten Form des gewellten Vliesstoffs aus polymeren Mikrofasern aufweist. wobei die 
Einrichtung zur Beibehaltung der Form am gewellten Vliesstoff aus polymeren Mikrofasern in den Tdlern der 
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Wellen derart gesichert ist. da6 die Einrichtung zur Beibehaltung der Form nicht den gleichen Umfang auf- 
weist. wie der geweltte Vliesstoff aus polymeren Mikrofasern zwischen zwei benachbarten Taiem. 

12. Gesichtsmaske nach Anspruch 11. wobei der gewellte Vliesstoff aus polymeren Mikrofasern eine Qesichtsmaske 
bereitstellt mit einer effektiven Oberf Iftche von wenlgstens 1 .6 mal der effektiven Oberlldche einer Gesichtsmaske, 
die einen nicht gewellten Filter besitzt und von im wesentlichen der gleictien GrOSe ist. 

13. Gesichtsmaske nach einem der AnsprQche 1 1 Oder 12. wobei die Verbundstruktur 1 bis 4 Wellen pro cm der Ver- 
bundstruktur aufweist 

14. Gesichtsmaske nach einem der AnsprQche 11 bis 13. wobei der gewellte Vliesstoff aus polymeren Mikrofasern 
wenigstens 90 Gew.-% Mikrofasern, basierend auf dem Gewicht des Fasermaterials. umfaBt. wobei die Mikrofaser 
Polypropylen umfaSt und elektrisch geladen ist und die Verbundstruktur an eine schalenfOrmige fbrmende Schicht 
angrenzt. 

15. Gesichtsmaske nach einem der AnsprQche 1 1 bis 14. wobei der gewellte Vliesstoff aus polymeren Mikrofasern sich 
einer sinusfOrmigen Kurvenform annShert. wenn er von der Seitenansicht aus betrachtet wird. und wobei benach- 
barte Seiten von benachbarten Wellen sich nicht in wesentlichem Kbntakt miteinander bef inden. 

16. Filter, der teilchen- und gasfdmiige Verunreinigungen aus einer FlOssigkeit entfernen kann, wobei der RIter 
umfaBt: 

- ein erstes RIterelement. das teilchenfOrmige Verunreinigungen aus einer Russigkeit entfernen kann. vrobei 
das erste RIterelement einen gewellten Vliesstoff aus polymeren Mikrofasern mit einer Dichte von 01 oder 
Weniger und eine Einrichtung zur Beibehaltung der gewellten Form des gewellten Vliesstoffs aus polymeren 
Mikrofasern umfaBt. wobei die Einrichtung zur Beibehaltung der Fomi an den gewellten Vliesstoff gesichert ist 
om die gewellte Form des gewellten Vliesstoffis aus polymeren Mikrofasern belzubehalten; und 
ein zweites RIterelement, das ein Sorptionsmaterial umfaBt, das gasffirmige Verunreinigungen aus einer FlOs- 
sigkeit entfernen kann; 

wobei das erste und zweite RIterelement aneinander gesichert sind und eine Form auKveisen, die zur Anbrin- 
gung in einem Respirator angepaBt isL 

17. Filternach Anspruch 16, wobei die Einrichtung zur Beibehaltung der Form nicht den gleichen Umfang aufweist wie 
der gewellte Vliesstoff aus polymeren Mikrofasern zwischen zwei benachbarten Taiern. und wobei der gewellte 
Vliesstoff aus polymeren Mikrofasern eine mittlere PbrengrOBe von Meiner als 150 urn und eine Dichte im Bereich 
von 0,04 bis 0.08 aufweist 

18. Vertehren zur Herstellung eines gewellten Vliesstoffs aus polymeren Mikrofasern, das umfaSl: 

(a) Einbringen eines Vliesstoffe aus polymeren Mikrofasern mit einer Dichte von 0. 1 oder weniger in eine Well- 
vomchtung. die eine Mehrzahl von Schaufein aufweist, die an einem ersten Ende an eine Einrichtung zur 
Bewegung der Schaufein entlang eines Wegs gesichert sind, wobei der Vliesstoff aus polymeren Mikrofasern 
in Kbntakt kommt mit den zweiten Enden der Schaufein, die einen Abstand aufweisen. und entgegengesetzt 
zu den ersten Enden der Schaufein angeordnet sind; und 

(b) Ven^ingem des Abstands zwischen den zweiten Enden der Schaufein. urn Wellen des Vliesstoffs aus poly- 
meren Mikrofasern zu verursachen, wobei der gewellte Vliesstoff aus polymeren Mikrofasern eine Dichte von 
0. 1 Oder weniger aufweist 

19. Verfahren zur Herstellung einer Verbundstruktur. die die Schritte aus Anspruch 18 umfaBt. und femer: 

(a) Einbringen einer Einrichtung zur Beibehaltung der gewellten Form des Vliesstoffs aus polymeren Mikrofa- 
sern in die Wellvomchtung; und 
. (b) Sichem des gewellten Vliesstoffs aus polymeren Mikrofasern an die Einrichtung zur BeibehaKuna der 
Form, um eine VeibundslnMur zu bilden. 

20. Vertehren nach Anspruch 19. wobei der gewellte Vliesstoff aus polymeren Mikrofasern in Taiem der Wellen an die 
Einnchtung zur Beibehaltung der Forodurch intermittierende Ultraschall-SchweiBstellen befestigt ist 
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21. Verfahren nach einem der Anspfoche 18 oder 20. wobei die Dichte des Vliesstoffs aus pdymeren Mikrofasern im 
Mittel urn nicht mehr als 3 bis 5 % erhoht wird. 

22. Thermische Isolierung. die umfein: 

5 

einen gewetlten Vliesstoff und eine Einrichtung zur Beibehaltung der Form des gewellten Vliesstoffs; 
wobei der geweltte Vliesstoff eine Dichte von 0.1 Oder weniger aufwelst und Mikrofasern und gekrduselte Sta* 
peHasern enthait, die einen Krduselgrad von wenigstens 15 % aufweison. wobei die Einrichtung zur Beibehal- 
tung der Form an laiem der Wellen des gewellten Vliesstoffs derart gesichert ist. daB die Einrichtung zur 
10 Beibehaltung der Form nicht den gleichen Umfang aufweist. wie der gewelfte Vliesstoff. 

23. Thermische Isolierung nach Anspruch 22, wobei 25 bis 75 Gew.-%der Fasern des Vliesstoffs gekrduseltie Stapel- 
fasern sind, die einen Krftuselgrad von wenigstens 15 % aufweisen. und 75 bis 25 Qew.-% der Fasern Mikrofasern 
sind. 

15 

24. Thermische Isolierung nach einem der Anspruche 22 oder 23, wobei der Vliesstoff eine Dichte im Bereich von 
0.008 bis 0.07 aufweist und die Wellen im allgemeinen parallele Wellen sind und die Einrichtung zur Beft>ehaltung 
der Form intermittierend an die Tfller der Wellen gesichert ist. 

so 25. Wellvomchtung, die umfaBt: 

(a) erste und zweite Schaufein, die jeweils an einem ersten Ende an eine Einrichtung zur Bewegung der ersten 
* und zweiten Schaufein entlang eines Weges ahgebracht sind, wobei die ersten und zweiten Schaufein sich 

radial von der Bewegungseinrichtung erstrecken und jede Schaufel ein zweites Ende zum Tragen eines Stoffs 
25 aufweist, wenn sich die ersten und zweiten Schaufein entlang des Weges bewegen, wobei die zweiten Enden 

der ersten und zweiten Schaufein in der Lage sind. sich aufeinander zuzubewegen. wodurch der Stoff gewellt 
wird; und > l 

(b) eine Ultraschall-SchweiBvomchtung, die sich stromabwdrts befindet, wo sich die zweiten Enden aufeinan- 
der zubewegen, wobei die Ultraschallschwei6vorrlchtung einen Schallerzeuger und einen Gegenhalter auf- 

30 weist und der Gegenhalter die zweiten Enden der ersten und zweiten Schaufein beinhaltet. 

26. Vorrichtung nach Anspruch 25, wobei die Einrichtung zur Bewegung der Schaufein entlang eines Weges ein f lexi- 
bles Gummiband beinhaltet, das eine Shore A-Hdrte im Bereich von 25 bis 90 aufweist. 

35 27. Vorrichtung nach Anspruch 25, wobei die Vorrichtung eine erste Einrichtung zum Einbringen des Stoffs in die Well- 
vorrichtung aufweist. und der Weg einen gebogenen Bereich mit einem variablen Krummungsradius aufweist, 
wobei der Stoff in die Wellvorrichtung in dem gebogenen Bereich des Weges eingebracfit wird. 

28. Vorrichtung nach Anspruch 25, die ferner eine Einrichtung zur VerSnderung der GanghOhe der Schaufein umfaSt, 
40 wobei die die GanghOhe verdndernde Einrichtung sich entlang des Weges, der der UltraschallschweiBvorrichtung 
benachbart ist, befindet 

Revendications 

45 1. Structure composite, qui oomprend : 

un voile non-tiss6 ondul6 de microfibres polym^res et un moyen pour conserver la forme du voile non-tiss6 
ondul6 de miaofibres polym^res, 

le voile non-tiss6 ondul6 de microfibres polym^res ayant une taille moyenne des pores inf^rieures d 150 micro- 
so metres, un taux d'occupation en volume de 0,1 ou moins et une plurality d'ondutations g6n6ralement parall^- 

les, le moyen de retention de forme s'^tendant en travers des ondulatlons g^n^ralement parall^les et 6tant 
assujetti au voile non-tiss6 ondul6 de microfibres polym^res au niveau de valines des ondulatk>ns g6n6rale- 
ment parall^les, de fagon que le moyen de retention de forme n'ait pas la m§me §tendue que le voile non-tiss6 
ondul6 de microfibres polym^res entre deux valines adjacentes. 

55 

2. Structure conposite selon la revendication 1 . dans laquelle le voile non-tiss6 ondul6 de microf tores polym6res suit 
une courbe du type sinusoidal quand on la regarde en ^l^vation de cdt6, et dans laquelle les cdt6s adjacents 
d'ondulations adjacentes ne font pas entre eux un contact total. 
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3. Structure composite selon la reverxScation 1 ou 2. ayant un taux d'orxlulations de 10:1 ji1 ,2:1 . 

4. Structure cotnposHe selon I'une quelconque des revendications 1 k 3. dans laquelle le voile non-tiss6 ondul6 de 
microflbres polymdres est assujetti au moyen de r6tention de forme par des polnis d'assujettlssement Intermrttents 
qui occupent moins de 5 % de i'aire de la surface ondul(§e. 

5. Structure composite selon la revendication 4. dans laquelle les points d'assujettissement intermittents sort espa- 
c6s d une distance Y et sort d^6s des points de soudure sur une valine adjacerte. d'une distance d'environ V6 
Y, oCi Y est oompris dans llrtenolle de 0,5 d 5 cm. 

6. Structure composite selon Tune quelconque des revendications 1 k 5. dans laquelle la structure composite est con- 
formable de fagon que la structure composite puisse §tre recourt)6e autour d^un axe qui s'6tend transversalemert 
aux ondulations g6n6raiemert paralldles, sur un rayon de courbure con'espondart approximativemert d I'toais^ 
seurde la structure composite. 

7. Structure composite selon I'une quelconque des revendications 1 k 6, dans laquelle le voile non-tiss6 de microfl- 
bres polymdres a un diamdtre des fibres, en mMiane arithm6tique, compris entre 2 et 8 micrometres. 

8. Structure composite selon I'une quelconque des revendications 1 d 7, dans laquelle la taille moyenne des pores du 
vale non-tiss6 ondul6 de miciof ibres polym^es est comprise dans rirten«lle d'environ 10 a 75 (im. 

9. Structure composite selon I'une quelconque des revendications 1 k 8, dans laquelle le voile non-tiss6 ondul6 de 
microflbres polymdres a un faux d'occupation en volume compris dans I'irtervalle d'environ 0,04 k 0,08. 

10. Structure composite selon I'une quelconque des revendications 1 9. dans laquelle le voile non-tiss6 ondul6 de 
microf ibres polymdres comprend 80 % en poids de microflbres polym6res par rapport au poids du matdriau f ibreux. 

1 1 . Masque fecial f Btrart f ibreux qui comprend : 

une structure composite qui est fbrm6e pour s'ajuster sur le nez et la bouche d'une personne. et qui comprend 
un voile non-tiss6 ondul6 de microflbres polymferes ayart un feux d'occupattan en volume de 0. 1 ou moins et 
un moyen pour conserver la forme ondul6e du voile non-tiss6 ondul6 de micrdibres polym6res. le mpyen'de 
rftertion de forme 6tart ass(4etti au voile non-tiss6 ondul6 de microflbres polymdres au niveau des valines des 
ondulations de fa$on que le moyen de r6tertion de forme n'ait pas la mfime 6tendue que le voile non-tiss6 
ondul6 de miaofibres polymdres entre deux valines adjacentes. 

1 2. Masque fecial selon to revendication 1 1 , dans lequel le voile non-tiss6 ondul6 de microflbres polym6res conf 6re au 
masque fecial une aire utile au moins 1,6 fois sup6rieure ^i I'aire utiled'un masque facial comportart un filtre non- 
onduie, et a essentieliemert les mfimes dimensions. 

13. Masque fecial selon fe revendication 1 1 ou 12, dans lequel fe stmcture composite a de 1 d 4 ondidatons par cen- 
tim^ede structure composite. 

14. Masque fecial selon les revendications 11 6 13. dans lequel le voile non-ti8s6 ondul6 de microflbres polymSres 
comprend au moins 90 % en poids de microfibres par rapport au poids du mat^feu fibreux, les microfibres com- 
prennert du polypropylene et sort eiectriquemert charg6es. et la structure conposite est juxtapos6e k une couche 
de mise en fornie, en forme de coupe. 

15. Masque facial selon I'une quelconque des revendications 11 d 14. dans lequel le voile non-tiss6 ondul^de micro- 
fibres polymferes sutt une couibe du type sinusoidale quand on la regarde en elevation de oOtk. et dans lequel les 
cOtes adjacents d'ondulations adjacertes ne fort pas entre eux un cortact total. 

16. Filtre. qui est capable d-eilminer d'un fluide des contaminarts particulaires et gazeux. lequel fiftre conprend : 

un premier ei6mert filtrart. qui est capable d'eiimlner d'un fluide les contaminants particulaires, le premier ei6- 
mert fiHrart comprenart un voile non-tiss6 onduie de micrdibres pdymeres ayart un feux d'occupation en 
vdume de 0. 1 ou moins et un moyen pour conserver fe forme onduiee du voile non-tisse onduie de microfibres 
polymeres. le moyen de retention de forme efert assujetU au voile non-tisse onduie de feQon k mairtenir fe 
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forme ondut^e du voile non-tiss6 ondul^ de microfibres polym^res. et 

un deuxi^me 6i6ment f ittrant. comprenant un mat6riau sorbant capable d*6liminer d*un f luide les contaminants 
gazeux. 

le premier et le deuxi^me 6l6ment8 filtrants 6tant assujettis Tun k Tautre et ayant une forme permettant une 
5 fixation k un masque k gaz. 

17. Rttre selon la revendication 16. dans leque) le moyen de r^ention de forme n'a pas la mSme ^tendue que le voile 
. non-tiss6 ondul6 de microfibres polym^res entre deux valines adjacentes, et dans lequel le voile tiss6 ondul6 de 

microfibres potym^es a une taille moyenne des pores inf^rieures k 150 micrometres et un taux d'occupation en 
10 volume de 0.04 k 0.08. 

18. ProcM6 de fabrication d*un voile non-tiss6 ondul6 de microfibres polym^res, lequel proc^6 consiste : 

(a) k introduire un voile non-tiss6 ondul6 de microfibres polym^res ayant un taux d'occupation en volume de 
IS 0,1 ou moins dans un appareil k onduler qui poss^e une plurality de pales assujetties au niveau d'une pre* 

mi^re extr^mit^ k un moyen provoquant le d^lacement des pales sur un trajet, le voile non-tiss6 de microfi- 
bres polym^res faisant contact avecles deuxi^mes extr6mit6s espac6es des pales» opposes aux premieres 
extr^mit^s des pales; et 

(b) k r^uire la distance entre les deuxt^mes extr6mit6s des pales de fagon k rendre ondul^ le voiie non-tiss6 
20 de microfibres polym^res, ou le voile non-tiss6 ondul6 de microfibres polym^res a un taux d'occupation en 

volume de 0,1 ou moins. 

Proc6d^ de fabrication d*une structure composite, lequel proc6d6 comprend les stapes de la revendication 18, et 
consiste en outre : 

(a) k introduire dans i*appareil k onduler un moyen pour conserver la forme ondulte du voile non-tiss6 de 
microf bres polym^res : et 

(b) k assujettir le voile non-tiss6 ondul6 de microfibres polym^res au moyen de retention de forme pour former 
la structure composite. 

Proc^e selon la revendication 19. dans lequel le voiie non-tiss^ ondul6 de microfibres polym^res est assujetti au 
niveau des valines des ondulations au moyen de retention de forme par des soudures ultrasoniques intermittentes. 

21. Proc^e selon la revendication 18 ou 20, dans lequel le taux d'occupation en volume du voile non-tiss6 de micro- 
35 fibres polym^res n'augmente pas en moyenne de plus de 3 ^ 5 %. 

22. Isolation thermique, qui comprend : 

un voile non-tiss^ ondul6 et un moyen pour conserver la forme du voile non-tiss6 ondul6 ; 
40 un voile non-tiss^ ondul6 ayant un taux d'occupation en volume de 0,1 ou moins et contenant des microlibres 

et des fibres couples f ris^es qui ont un taux de usage en pourcentage d'au moins 1 5 %, le moyen de retention 
de forme 6tant assujetti aux valines des ondulations du voile non-tiss^ ondul6 de fagon que le moyen de r^en- 
tion de forme n'ait pas la m§me ^tendue que le voile non-tiss^ ondul6. 

45 23. Isolation thermique selon la revendication 22. dans laquelle de 25 k 75 % en poids des fibres du voile non-tiss6 
sont des libres couples fris^es ayant un taux de frisage en pourcentage d'au moins 15 %. et 75 ^ 25 % en poids 
des fibres sont des microfibres. 

24. Isolation thermique selon la revendication 22 ou 23, dans laquelle le voile non-ti$s6 a un taux d'occupation en 
so volume compris entre 0,008 et 0.07, et les ondulations sont des ondulations g^n^ralement parall^les. et le moyen 

de retention de forme est \\k par intermittence aux valines des ondulations. 

25. Appareil k onduler qui comprend : 

55 (a) des premieres et des deuxi^mes pales, dont chacune est f ix6e k une premiere extr^mit^ d'un moyen des* 

tin6 k d^placer les premieres et deuxi^mes pales sur un trajet. les premieres et les deuxi^mes pales s'6ten- 
dant radialement k partir du moyen de d^placement. et chaque paie ayant une deuxi^me extr6mit6 destin^e k 
soutenir un voile quand les. premieres et les deuxi^mes pales se d^placent sur le trajet. les deuxi^mes extr6- 
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mit6s des premi6res et des deuxi^mes pales 6tant d m6me de se d^acer les unes vers les autres pour pro- 
voquer une ondulation du voile ; et 

(b) un disposlW de soudage aux ultrasons, dispose en aval du point ou les deuxidmes extr6mit6s des pales se 
d6placent les unes vers les autres. le dispositif de soudage aux ultrasons ayant un bras de soudure et une 
endume, I'enclume comprenant les deuxi^mes extr6mit6s des premieres et des deuxi^es pales. 

26. Appareil selon la revendication 25. dans lequel le moyen de d6placement des pales sur le treyet coirnrend une 
coun-oie en caoutchouc souple, dont la duretd Shore A est comprise entre 25 et 90. 

27. Appareil selon la re»/endlcation 25. dans lequel Tappareil posskJe un premier moyen pour introduire le voile dans 
rappareil k onduler. et le trajet possMe une portion Incurv6e ayant un rayon de courbure variable, le voile 6tant 
introduit dans I'appareil d onduler sur la portion incurvte du trajet. 

28. Appareil k onduler selon la revendication 25. qui comprend un moyen pour modifier le pas des pales le mwen de 
modification du pas 6tant situ6 le long du trajet adjacent au dispositif de soudage aux ultrasons: 
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